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In 1968. the Commission 4n- College Geograghy of the Association of

metican Geographers published its first Resqurce Paper. Theories of
Urban Lotation. by Brian | L Berry In 19f4. coinciding with the
termination of NSF funding for the Commissigfi. Resource Paper number
28 appeared, The Underdevelopment and Modernization-of the Third
World. by Anthony R deSouza and Philip Wg.Porter Of the many CCG
activities, the Resource Papers Series became an effective means for
permitting both teachers and students to keep abreast of developmenys 1n
the field \ - «. . ,

Because of the populanity and usebulness of the Resource Papers, the

. AAG apphed for and received a'modest grant from NSF to continue to

préduce Résoarce. Papers afd to put the series on a self-su;;romng basis
The present Resource Papers Panel sybscribes to the original purposes of
the Series. which arq quoted below -

The Resource Papers hase been developed as expository documents for the

.~ use of bggh the student and the instrucgor They are experimental in that shey

,are designed to supplement existing t8xts and to fill a gap between, significant
research 1n Amerjcan geography and readily accessible matenals The papers
are concerned with important coneepts or topics in modern geography and

* focus on ope of three general themes geographic theory. policy {mplications
or contemporan social relevance They are designed to complement a variety of
undergraduate college geography courses at the intrgducdony and advanced
level R

In an effort to increase the utility of these papers. the Panel has
atterﬁpted to be particularhy sensitive to the currency of materfalg for
yAidergraduate geography courses and to the writing style of these papers:

~" The Resource Papers are developed printed and distrnibuted under the* -
auspices of the Asscciation of Amerjcan Gedgraphers. with partial funding '
from a National Science Foundation grant. The ideas presented in these
papers do not imply endorsement by the AAG

Many individuals have assisted in producing these Resource Papers. and
we wish to acknowlegge those who assisted the Panel in reviewing the
suthots prospectuses 1n_reading and commenting on the various drafts, .’
and in making helpful suggestrons The Panel also acknowledges the
perceptive suggestions and editanal assistance of Jane F .Castner of the.
AAG Central Office P ;

\ ) A . . ! .
Salyatore | Natohs ) e
Educational Affairs Director e T

! Association of American Geographers .
Project Director and Editor."Resource Papers Series

s

| \ Resqurce Papers Panel

. " JehnF Lounsbury Arizona State l'niversity .
' Mark S Monmonier Syraguse ['miversity .
. -p—Harold A -Wainters Michigan State University ’
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‘. PREFACE AND USERSGUIDE -~

“All inaps‘distdrt reality. This statements ramifications are irﬂpo;tant not
* only to geographers and map ‘makers., who can and should shape a map’s

£

distortion to suit its message and audience, but to the average mapteader o o
as well. Almost all people in developed natighis are consumers of maps. but . .
they receive httle formal training iR pap reading. Yet. just as consumers of . .

food products and durable goo)(‘il need to be knowledgeable in their

pyrchaseg. the map reader ‘should comprehend maps’ uses and limitations
Map use cannot be effortless Many magps—particularly general as op-

posed to thematic maps—cannot and should not be distilled into usejess.

sheets of paper for the graphically lazy .M pped information. like other ¢ ¢

information, achieyes meaping only when the user is both able and willing . -

to study the map. Although.map makers should strive for clarity. their goal

should be to inform—not to seddce Both map reader and map author have o -

attive rather than passive roles 1n cartographic communication: beth :

should attempt to understand the communication process; both must stnve :

to make it effective . . °
This Resource Paper explores the interface between map author agd map *

user Its aim 1s to show théat. even though/maps must inherently 'lie”" since

they'cannot convey the entire “truth.” a map's "he” can be an effective

“white lie” that permits anid encourages the communication of a valid 1dea.
Chapter One 1s a tondensed discussion of the ingredients common to all

maps—-projection. scale and generalization. and symbolization—and , pro-

#des an introduction & later chapters Chaptes Two addresses the process

of cartographic communication and attempts to i1dentify. factors whjch

either enhance or diminish the likelihood that a map’s message will be

rconveved successfully from author to reade® Chapter Three concerns the .

relationship between map projections and effective communication and

also describes methods for constructing three nontraditional projections

The applications and pitfalls of choroplethic mapping. one of the most

important geographic 4ools of résearchers and planners. are investigated in

Chapter Four A wider range of mapping applications embracing travel.

census enumeration. environmental preservation advertising counterintel-

ligence and politicdl propaganda are discussed in Chapter Five to show

how map-distortion can be made to serve a vanety of goals .
College courses 1n cartographic drafting and map design are not meges-

sanly th® most efficient means of informing consumers about néps Even

geography majors might be better prepared for an introductory cartography

-course 1f exposed earher in their academic programs to important but less’

technical cartographic concepts The author developed “Lure and Logic of

Maps,”' a preintroductory rionlaboratory survey of geographic cartography. +

to serve both budding geographers and map consumers exercising their

“night to kaow '~ Matenal for this Resource Paper 1s drawn from the third )

generation of lecture notes for this course. which also includes introduc- .

tions to remote sensing and topographic map reading : .
The Resource Paper can complement a variety of existing dexts Tyner’s .

(1873) The World of Maps and Mapping has been @ helpful companmion If

H -
i {Continued on next page}
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sun.'eymg and geodésy were to be included. Greenhood's (1964) Mapping

would be useful In a laboratory course such standard texts_as Hodgkiss'
(1970) Maps for Bodks and Theses end Robinson and Bale's {1969)
Elerhents of Cartography would be suitable supplements. as would a series
of 6ther paperbacks which mlght include Muehrcke's {1972) Thematic
Cartography Should a departmenys teaching load not permit a survey
course devoted solely to maps this Resource Paper can complement a
general text in basic courses on physical, _economic. urban. population, or
social geography |

Dutside geogfaph\ currigula: this paper can fill gaps currently existing
in introductory texts on graphic arts and public sommunication-2Tatds
where necessary geographic skills are usually lym of lacking In
addition. the Resource Paper shpérld be of general xrferest to informed
citizens and map enthusiasts,alike

* The Syracuse University Cartographic Laboratory was indispensable in

the preparation of this paper D. Michael Kirchoff, Lab Manager. supervised
the production of the figures "Assistants centributing their talent. time. and

-patiente were Ionathah Dought\ Bruce Wands Karen McCombe. Anne

VMiront-Lazar,"and Karen Guancione The comments of George A Schneli
on an earlier draft were_most helpful My dedication is to \1arge who
admits tHat maps are to be c}xenshed and has stopped asking. *What 1s a
Resource Paper?®” o /

d Mark S Monmonier

Svracusé Universuty
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*usefulness is reduced substantially

' -
r

““What ‘is @ map?”
characteristics that distingyish maps from graphs.

watefcolors. and phqgtographs are not evident 1n the -

common synonyms: plan, chart. and,dlagxam ans
need not show relative locatieg, cHarts can be large
graphs hung on a wall to 1lluétrate.econbmig trends,
and diagrams are used.'among other things. to
assist befuddled parents 1n assembling tovs The ’
three sttributes all maps share are scale. projection.
and symbolization. all advantages and limitatiops
,of maps derive from the degree to which maps
reduce and generalize reahity. compress or expand
shapes and distances. and portray selected phenom-
ena with signs that communicate, without necessar-
ily resembling. visible orin isible charactenstics of °
the landscape

+The three elements of 8 map are interdependent
Scale influences the amount of detail that can be*

-shown and determines whether or not a parwcular

kind of symbol will be visuallv effective Scale also
varies from place to place and the degree of this
vanation depends upon- the projection emploved
The grapbic expression of the projection in turn 1s
controlled by svmbols used.to represent coastlines.
meridians and parallels political boundaries and
other features that provide the user with a loca-
tional frame of reference Despite this interdepend-
ence. however.a map maker has considerable free-
dom 1n choosing a projection. a scale and a set of
symbdls Each element requires a separate decision.
éach dectsion. 1f not properly made might render
the map less useful Before proceeding further ~
these three é{ements should be dlscussed in greater
detail . .

. Projection - ¢

Maps should be convenient to use Part of their
convenience lies in the ease with which they can be
carried about and stéred Hundreds of maps can be
boupd together in an atlas occupying a fraction of a
cublc meter Flat maps can.be rolled or folded. if
any object cannot easily be stored®until needed. its
Yet. projec-
tions, which transform curved surfaces. such as

" those of the Earth, the Moon or Mars. into planes.

canrot yield flat maps without distorting. shapes
and distance relationships Without map projec-
tions. however, all maps {except large-scale maps of
small regions. where spherical curvature 15 neghgi-
ble) would be globes or portions of globes—bulky.
expensive, and difficult t¢ mass-produce and to

store In onder to scan a worldwide distribution.

¢ ”

1s not a tryvial question The

ELEMENTS OF A MAP o

1

. [

moreover. the users would need to rotateand poss1-
blv tilt the gl?)e as well as move their eyes- Despite
their inhereny geometric distortions. the adv antages
.of flat mags far outweigh their disadvantages.
whereas the advantages associated with using large,
distortion-free globes are outweighed for most pur-
“pgses by thesheer difficulty of hamdling .
The distortions present in flat maps.can be under-
stood by considering map projection as a two-stdge
. process -Only scale,1s changed in the first stage. in
which a curved surface 1s reduced to a globe with a
radius appropnate to the desired flat map Geomet-
ric relationships are as vet unchanged. the distances
among any three points on the globe retain the
same ratio to the distances among the correspond-
ing points on the oniginal curved surface and thelr
positions relahve to one another remain the same
In the second stage, an easily flattened surface 18
placed 1n contact with the globe. and all points on
t,he,giobe ate assigned new locations on this devel-

opable surface. The three most common developa- *

ble surfaces are the plane, the cylinder. and’ the
cone (Figure 1) The plane becomes a flat map
directly. whereas the cylinder and cone must be shit
before development (flattening)

Points and lines on the globe might be projected
onto the developable surface b§ light rays emitted
from the globe’s center or from an3 other source
Thns optical prejection method 1s not the only
means of effecting transformations from sphencal

coprdinates-(latitude and lengrtude} on the globe to -

plane coordinatés {the X and Y of a sLan'dard rectan-
gular coordinate system) on the flat map. mathe-
matical formulas can repgesent a“ll’ stardard projec’
tions. even those that carfnot be constructed from a
hght sotrce For example. a vanety of different
spacings can separate the parallels projected as
cpnicentric circles onto a.plane touching a globe at
the Nprth Pole. but very few of the many possible
azimuthal projections (i ed- pro;ect\ons onto a
*plane} can be drawn withouf either consulting a
table or perforfing the calculations

The distinctive global patterns of pardllels (east-
west c1rcles) and mendians (north-south circles)
_ projected onto planes. -cyfinders. .and cones are the

gmmules (grids) af the resulting azimuthal. cyhin-.

dncal. and conic projections’(Figure 2) Examina-
tion of these projected grids indicates that most
distance relationships have been destroyéd by the
projectwon On the azimuthal projettion the central
point represen!s the North Pole. and the heavier
lines represent’ the Equator and the South Pole
Note that the South Pole. a pfint on the globe has

10 s
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* been stretched to a circle w1th a finite diameter,_ s
“scale—the ratio of length on the map to length an -
, - the Earth—is now infinitely large “The conic projec-
tion, where the poles are represented by, circular
arcsvof finite length, and the cvlindngal pfojedion,
where both poles are-portrayed as straight lines as
long as the Equator. alsor indicate distortion
Other distances are also distorted On the azimu-
thal graticule. where. 1n this case. parallels are
evenly,spaced, true distance relationships afe main-
tained onrly along rperidians, in the east-west direc-
tion. -for instance. scale becomes progressively
larger with ancreasing. distance from the center &i
‘the projection The cvlindnical prdjection. drawn -
here. to represent the entire globe” has true scale
only along the Equator Along the meridians. which
are twice the length of the Equator in this example
the scale 1s twice that of the globe Because the
parallels ar® equally spaced. this north-south scale
is constant. however. the progressive stretching of
parallels poleward from the Equatox producesjan-
enlargement of east-west dlstance with mcreasmg
latitude N
On the comc projection shown in Figure 2, east-
wes! scale 15 greater than the trye scale (of the
globe) aleng all parallels except the single standard
- parallel at vshxch the cone touches the globe The
+ cvhbindrical projection shown here also has a stand-
ard parallel: scale is not Historted at the Equator ~
where the cylinder is in contact with the globe In
general. distorfion of scale—and as a result of, [
*distance—increases as the distance ffom a lme of
contact betwean the generatmg globe and the devel-
" opable surface becomes greater ~ |
Stretching that distorts distance relationships

s

« " will also distort shrape and direction For example

on the cyitndrical pro;ec;xon in Figdre 2 in,onh the
cardinal directions {north south east and west) do

- aH places 1n the same geographic direction away
from a point he along the same straight lfne awas

- frém that poinf Moreover because the projecjion
distorws all angles except-for the 99" angles between
meridjans and parallels. the shapes of continents
rivers. and other features that might be plotted an
this gratlcule wou}d‘also be distorted In fatt all
map projections disfort the shapes of areal features
large or small' Although'projections with the prop.
erty of confosmality preserve angular retatignships
wnhm hypothetical infinitely small areas around
points,, gross shape is always distorted since no
projection preserves distance relationships among

all i p‘:l};} on a flat map

Area‘is anether geometric property distorted on

., map projections. This can be observed on,the conic
“graticule in Figure .2, where the upper and lower
arcs represgnt the North.and So#th Poles Here the:
two shaded cells represént equivalent areas on the
globe."although the cell at the North Pole 1s sub-
-stantially .smaller on the projection t the corre-
sponding cell at the South Pole Relative areal
distortion 1s also evident on 'the azimuthal projec-

“
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tron. where equnalent arBas (shaded] near op’osnte
poles_ are-greatly disparate On the cylindrical pro-
fection. the poleward cells. although their areas are
not distorted relative to each other, occupy the
same area on-the map as cells touching the Equator
Since mendians converge to polar péimts on the
globe. 1nstead of running parallel to each other. 1n

this example polar areas are substantlally enlarged

Map Pprojections can. however. preserve true area
relationships On all three types of projection the’
circles: straight lines. or arcs representing parallels
can be repositioned so that the'area bounded by any
two neighboring parallels 1s 1n €orrect proportion to
the area between any other pair of parallels on the
map Thus. adjacert pardllels on the cylindrical
projection would be spaced closer near the poles
than at the Equdtor The ability of these equivalent
or equal-area projections to portray accurately the
relative areas of continents. cquntries. ard other
regions 1s important. because the map reader will
be less hikely to'misjudge. for example. the relative
sizes of Greenland and South America Moreover. if
a map were symbolized with dots  each represent-

the same number of persons cattle or acres of

) \\heat the Use of an equivalent- ‘projection would

not promote incorrect estimate of densnty For
pxample. if two territories occupy 1.000 square
Jalométers on the Earth and if they both have
100 000 uniformly disperséd inhabitants to be sym-

. bolized by 100 dots a map projection that greatly

distorts area might misrepresent the region.with the
smaller projected area as having a subsfantially
greater population density ’

Every map projection i1s a compromise An ideal
prgjection mxght be both conformal-and equivalent ~
but such a projection 1s impossible “because confof-
mahity and equnalence are mutually exclusive For
spme applications an appropriate projection might
preserye area while distoring angles as hittle as
possible. this is commorr on distpibution maps
where the map reader 15 expected to compare areas
and also i1dentsfv geugraphlc features In other cases
both areat abd angular distortions might be toler-
ated 1f neither type of distortion 1s great enough to
interfere with the utility of the map U'S Geological
"Survey topographlc maps. for anstance, use a poly-
conic projection. which distorts both area and an-.
gle< vet permits generally accurate distance meas-
urements for smdld areas For individual continents
and smaller postions of the earth an acceptable

_combinafion of the distortions of, area. angles. dis-

tance. and direction can often be obtained by care-
fully selecting a developable surface that hes close

- to the area of interest The many possbilities avail-

able To the map author are discussed in elementary
textbeoks on cartography (Robingon and Sale, 1969
199-248) and n more advanced works de)oted
solely to projections {Mahing. 1973. Richardus and
Adler. 1972; Both map maker and map user should
understand not only the necessary évrs resultmg
from projecfions but the numerous benefits as S well

.
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Scale and Generalization -
g&distance on the map to the

~

Scale is the ratio
corresponding dista on the ground. It can be
shown on a map 1) as the familiar bar scale. 2)
verbally as, for instance, “one inch represents one
mile,” or 3) as a ratio or fraction. By convention, the
.numerator of the ratio is. always one.”and the"
nymbers refer to no particular units. The satio scale
1:24,000, found on many topographic maps pro-
duced By the.U.S. Geological Survey, has no dimen-
_sions and can_be ifterpreted as “‘one inch on the
map represents 24,000 mches on the ground,” “one.
foot equals 24,000 feet,” or “‘one centimetef repre-
sents 24,000 oentn‘heters So long as both the’
numerator and the denominator of the ratio repre-
sent the-same unit (e.g., inches, feet, or centime-
ters}, the scale is valid. If different units of measure-
ment_are to becused, “an" appropriate cony
must——be *made. Thus, since 24.000 mche
2,000 feet, this scale can be expressed as '
represents 2,000 feet.”

.* < When the denominator is relatively shall, Say -

10,000, the resulting fraction (110, 000) i$ compara-
tively large, and the map is said to have a larger”
scale than, for example, another map‘at 1: 250,0
Since large scale maps represent less land on a
‘flve'n size sheet of paper than do small-scale maps,
arge-scale maps can present more, detail

Distance measurements can be made alpng any
line.on a 1:24.000. map and'converted to ground
distance, A two-inch line represents 2,000 ¥eet re-
‘gardless of its direction. Distortion of distance re-
sulting from the projectionds mmimal; maccuracy
is more likely to resuit fro € map user’s error in
measuring the length of the line or from the map

-

. ‘county,.or town road,

feet, MMheight.of a thirty-story building)! This *

ly enlarged symbol simplifies'the map maker’s
task of correctly positioning an ordinary state,
hich, given the accuracy
threshold ‘of another 0.5 mm, might be located the
equivalent of 800 feet from its true ahgnment and
still be acceptably represented!

Maps at scales of 1:250,000 and smaHer ate dot,
however, intended to permit accurate mgasurerhent -
_of the wzdths of roads, raﬂWays or strdams. Their,
"purpose, is_to show, with reasonable accuracy, the
relative positions of these and other features. Many ,
phenomena, such as political boundaries and con-

. tour linés, have no real width but.must be drawn.as
‘though they were broad bahds aeross th
goals of accurate positiofing and effective commu-.-
nbcatlon are in“greater conflict where, say, a narrow
:gap in a ridge contains g stream flanked on both
Mes.by roads and railways:-If the slopes of the gap
are steep and must be represented by clapely spaced
contours, these might be permitted fo merge, but g
blue band symbolizing the drainage channel, the
red lingsshowing the highways. and the black lines
tepresenting the railroads cannot be superimposed
map without causing an ugly incomprehen- -
'sib blpb of ink' One solutibn is to maintain
uracy for the draigage but 1o, offset the
orf¥®jon routes and the contours'as much as
necessary togrevent excessive crowding. Accufacy
of one sort_i§ sdcrificed, but the accuracy of the
relative posmon the features is preserved.

Lines on a m3@must often be smoothe tha
of clarity. Where the terrain is rugg gh-
ways depicted on a one-page map 1n a road, atlas

. cannot exhibit all the curves of their dctual align-

maker's error in plam.ng symbols on the map. This  ments. Mean'dering ‘rivers must, in a sense, be

latter difficulty, in positioning symbols is recog-
nized by federal’ agencies. which have adopted the
National Map ‘Accuracy Standards. Points orf a
tompleted map are sampled and rechecked: for
corregt positioning: Fof a map to?meet these dtand-
ards, no more than ten percent of the points may be
‘more than 0.85 mm (1 30 inch) away from their true
position if the scale is larger than" 1:20,000. On
smaller-scale maps the accuracy demanded is 0.5
mm (1/50 inch). Other critaria are employed for
elevations on topographic and hydrographic maps,
and the U.S. Geological Survey, after studying the

statistical distribution of map errors, developed its*
ownp criteria, which are more compllcatfd as well as .

more realistic (Doyle et al., 1975: 10771078). Their
method and the National Map Accuracy Standards
both recognize, however, that on less detailed,
smaller-scale maps the symbols representihg, cha;;
acteristics of the physical and social la.ﬁdscapes
commonly occupy more space on the map than if
they were drawn at trtie scale. On a 1:250,000 map,
for instance, a line representing a country road
might be 05 mm widg in order to be visible. If the

line’s width were consistent with the map’s scale, .

the actual widthgithe road would Be 125 mm (410

3

shortened on small-scale' maps. The crenulations of
coastlines must also be smoothed, although it might
be desirable to include a few mdentatnonsﬁmtably.
- enlarged for clarity, to indicatqthat the shoreline is
nef as simple as it might appear. Smoothmg or
filtering of detail is mandatory if a. map is to be
more- than a collage gf incomptehensible symbols.

. Fhis process of generalization involves the selec-
tion of both meaningful details and relevant fea-
tures. The smajler thefcale of the map, the fewer
the number and types/c of features that, can be por-
trayed. A comparison of the road networks repre-
sented on maps at-two different scales illustrates

’thxrpmnt The left-hand rhap in Figure 3 has been .
copied directly from a 1:24,800 planimetric quad-
rangle sheet. «To its right $he highways, drainage.
.and rail line have been photographically.enlarged
to the same scale from a 1:250.000 map prepared for
regional transportation planiding. (Color printing on
the original pérmitted ready differentiation among
the symbols for streams, railroads, differént cate-
gories of highway, and political boundaries.) On
thns more generalized 1:250,000 map no houses are

wn, and minor roads and smaller streams have
n excluded. Symbols for those features retained *

rth. The .
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"Figure 3. .Example of loss of detail as a map’s scale 1s reduced

rces New.York State Department of Tr.msporiahon.

1:24.000 Jamesville Quadrangle, 1873 (left) and 1 250.000 New York-State Map. 1974. central skction (night). copied with

" permission, .

’
’

. at this smaller scale occupy more earth space than

the same symbols at a scale of 1:24.000. Effective
generalization also sequires asubstantial smoothing
of the shoreline of Jamesville Reservoir; including
the omigssion of the isTand near the west shore. and
the elimination of detail along roads. stream chan-
wels, and the raillway. which has been rélocated
gome distance from the adjacent highway. The
straight-line town boundaries, however. required no
alteration of detail. but the shields for County
Route$ 1 and 144 are not present on the more
generalized map. In fact.'to prevent overcrowding,

« " only state, federal. and interstate highways are

labeled at thé smaller scale.

The degree: of generalization needed for clarty
-depends on scale. the complexity of the phenomena
poHtrayed. arid the theme or purpose of the map. To
avpid clatter and confusion. only necessary features

and relevant details should be in¢gluded The large-
. SCAJ,J t

S

opographic map. for example, 1s not a good.
-street guide. since only principal roads are-labeled.
whereas a map intended for locating intersections
need not be concerned with elevation. tree cover. op”

ind#vidual residences. Houses and other buildings;_
,* are useful reference points in open country. where ™.

they can be indicated as separate structures or
topographic maps; the clustering of dwellings and
commercial buildings in cities and towns, however.

. mandates the use of a tin} screen (ususally & light

red) for built-up areas where only schools.

-
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churches. and other landmark buildings are shown
Even when a map’'s intended use is more nar-
rowly defined. phenomena relatéd to the theme
seldom have a ugiform spatial distribution Thus. a
single standard for feature_selection might not be
appropriate for all parts of a map. As an example.
. Baltimore, one of the_ 15 largest metropolitan areas
tn the United States. is -often not labeled on page-
size maps of the U.S. because it is near Washington;
D.C The same map might include -Boise. ldaho,
which has but a fraction of Baltimore’s population
but is located in an area with few large cities.
Obviously. neither population size nor national
prominence supports this decision. made in an

r attempt to balance the needs of visual appearance

-and information content Responding to these con-
flicting demands is a niajor intellectual challenge of
map making.

. Symbelization 't
Represgnting a city with a small circle is a gener-
alization, since few urban areas have circular

_boundaries: when many cities are répresented by
the same type of circle. the process is called sym-
bolization. After 4 feature has been selected and its
geometry simplified, in this case by reducing it to a

int. a graphtc symbol must be_used to present the
eature to the'reader.

Mapping convention, neatness. and the ease with

* which an entire symbol ot its individual elements

-
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can be re,p]icéted are primary criteria in the sglec: .
+ tion’of map symbols. In addition to pen and’ink.

straight edge. and French curve. aids used in sym- LINEAR SYMBOLS ,
. bolizing maps include templates, (for circl®. high- S .
* - way shields, and othemn geometrically simple de- * . 3
signs]. sheets of preprinted dry transfer or wax- cemdenme—. — cssseceqecnaces

" -, backed point*and area symbols. and thin rolls of -
tape with solid. parallel. dptted. and dashed lines
‘Although seri-automated mapping with tHe digital

<, computer, line plotter_ and COM (Computer-Out-

" put-Microfilm). unit and advanced production
methods. sucH as megative scribing and photo-

. graphigc screening, have changed markedly the op-:

‘erations of some large mapping agencies and firms.
these mote modern technologies have not substan-*

* tially altered existing traditions of map symboliza-
tion. . : .

, Convention -hglds that ‘certaih types of symbols

* * are approp aterfor certain types of phenomena
.Linear symboks 'for exampte. solid. dashed. dotted.
and double lines, (Figure 4). are used for linear
features. such as boundaries apd transpertation
routes. Contours and the lines of block diagrams

~ {used to portray three-dimensional distributions)
@re also considered linear symbols Yet. when lines
or dots are grouped to form a coherent areal pattern.
the resultipg symbols are employed largely for .
, showing quantitative or qualitative differences for
+  two-dimensional_areal units. Another type. of area !
symbol iscolor shading Dots. however. are used as
individual symbols 1} on dot maps that emphasize.
gedgraphic variations in density: and 2) for point
“phenomena. such as cities or factory sites for which
the actual boundaries have been generalized to a
point. In the former case. one-det usually represents
many objects (such as 208 dairy cattle or 500 grape -
¥ vines}..whereas in the latter instance a-separate dot
‘symbolizzs each entity Qualitative differences
among point features might be represented by pic-
torial symbols (such as mimiature drawings of .facto-
ries or churchesj or by various geometnc designs

(including squares. triangles. and stars) Spatial -
variations of magnitude can be drawn so that the ’
circles -areas have a constant ratio to the mapped

- \ -
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GEOMETRIC POINT SYMBOLS

values (such as population or numbers of blue-
collar pmployees) they represent These examples
illustrate. but 'not exhaust. the customary prac-
tices used in choosing map symbols Although GRABUATED CIRCLES

blind adherence can only stille mapping the map .. ’
- ‘'maker must remember that experienced map read- . . .
. ers tend to associate specific types of symbols with ) \
certain ‘map themes (Dobson.*1975). Radical depar- - @ O
tures from these customs. therefore. might impede’ ~/ ]
- map reading (Jenks, 1976:14) - d
- .

Since the variety of numerical values or land:

" scape features depicted on a2 map commonly ex- s meener comocnmit el
ceeds the number of different 3ymbols employed. s e e
symbolization usually requires classification Cate- Figure 4 -Examples. pf map symbols ‘

gorizations can be qualitative when. for example. .

[ 4
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ateas are given labels .such & ‘“‘commétcal” or

“indudtrial.”

family incomes. In this latter instance. the map user
must not picturé a state as a homogeneous unit
without differentes between urban apd ryral areas
and between wealthy suburbs and impoverished
ghettos Nor."in the former instarice. should all

T 'EemmercmT areas be consndered devoid of resi-

dences. l‘h both cases, a map maker might elect to

show more geographi¢ detail or to employ a more '

intricate classification. but a map’'s objective 1s

_ mare tasily accomplished 1if excessive detail, and
.elaboraje legends are avoided Maps. like books.

can be informative without befng exhaustive ~

¢ Symbolization. projection. and generalization all

distort reality. They need not. however. distort the

truth..When a parent asks. “Where have vou been?"

the child replying with gn account of every minute-

or quantitative. :in the casq of fifty’
states grouped into five classes according to median.

( -

of the afternoon might well bedoud eahng fnﬁe .

cand\ bags with * ~and then | had something to eat
the Jacksons™.” This ‘type of evasion, of course, is
deliberate. but even 1t the child had not spoiled hig
appetite. the statement. "l was plaving with Bett\
and Jake.” 1s direcd. fully adequate. and preferred
Both the child and the map makermust decidg how
much their audience can be told without bemmmg
bored. com‘u{ed or exasperated. If “to distort”

“to he.” then maps must lie Therr lies, *hov.g»er
are usually white lies. not deliberate fabrications
Making a road selatrvely wider thap it is on the
Earth makes 1t visible. distorting’ distances on a
projection enables the map usa' to see the whale
Earth at once. separating featufes by greater than’
Earth distances allows representation of relative
positions Drstortion 1s ‘necesgary in order that the
map reader be permitted to omprehend the mean-
ing of the map ~

4
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II CARTOGRAPHIC COMMUNICATION

Mapping. the process of d&slgmrrg compiling.
, and producmg maps. can be distinguished from,
¢ cartography. the study of mapping ‘methods and
map communication Thip ‘¢ erentiation between
the technology and the art and science of maps does
‘not imply an inherent separation of roles—map
" makers.'with decision-making “regponsibihties are
cartographers. even though cartographers need
‘never actually draw a map It does. however. indi-
cate that knowledge’about map production and use
,demands more than the mechamcal artistic skills
requi draw, an orderly representation of the
landscupey

*
L]

Major Factors of Map' Communication
The TCentral theme of cartography is the carto-
graphic. commynication process Here the actual
map 1s but one concern in a chain starting with the_.
image someone wants to convey and culminating in
the intellectual or physical responses of the map
user The mdjor factors in this linkage are 1/ the
-map author. 2) the intended message of the map 3]
-~ the mapping technique: 4) the map reader and 51 .
the message received by the map reader The first
four of these components affect. in a different way
the efficacy of tartographic communication as re-
flected by the fifth factor

Map authors might be writers. advertisers editors
of atlases, students. educators~goyernment officials
entrepreneurs of geographic information or anyone
trying to communicate geographic information
They n cartographers. nor do theyv alwayvs
emmces of a cartographer As initiators
of tartographic communication they should know
not only what they want their maps fo show but
dso the limits of mapgng technologies and the
_needs and map-reading abilijies of their audiences
A map author’s deficiencies 1n any of these, areas
might.lead to the map user’s incorrect interpreta-

jon of the.map or. as might be more common than

* . cartographers realize. a map that 1s largely 1gnored
~ A frequent example 6f an unused map 1s the text-
book illustration that solicits hittle more than a
- passing glance from the student who views maps as’
fewer pages to read.

The message intended by the map rnay be simple
or complex, but this message must be clear 1n the
mind of ¢the map author. otherwise. the map s
likely to be deficient Some of the least effective

- maps are those included in professnonal articles
textbooks. and, official reports solely as. window
dressing because other authors of similar matefial

»

" inclusi

also employ maps Moreover, even' if a map 1s
appropniate. the map author’'s failure to i1dentify
precisgly what the map is to say often leads to the
of extraneous details that can only ob-
scure the message. Similarly, if the message is
really 0 or more separate messages. each of
which would be better served by an individual
map. the resulting single map might unduly tax the.
reader’s ability to unscramble,its various meanings.
‘v‘lappmg technique s 1m t for obvious rea- -
sons ‘some projectiéns. methods of symbolization.

- and degrees of generalization are more approgtiate
than others in facilitating cartographic commupica-
tion Mornison {1971 1-8). 1n-a study of different
procedures for interpolating 1solines (lines cofnect-

ing points of equal value} from scattered data
points notes that there are several possible sources
of error 1) in the collegion. recording. and manip-
ulation of data, 2j in design. draftmg and reproduc-
tion. and 3} in map reading and map analysis The
method-produced errors can occur at any st
between the collection and adjustment of source
data and the placing of the first mark on the final
drawing On isojjne mapss for example 1naccura-
cies might result from the selecypn of sample size.
sample type. and the interpolation model used to
estimate surfgce values where not provided in the
original data (Marrison. 1971 12-13) Because some
mapping methods are more complex and error-
prone than others. the selection of a particular-
procedure for generalization. elassification. and
symbolization is another faclor in method-produced
error The decision to prepare a dot map. which
xmolfehe placement of many dots on the final
drawihg. increases the likelthood of method-pro-
duced error Furthermore. des;gn errors associated
with nappropnate symbolization might eombine
with a poor choice of projection or an unpleasing
lavout for the map. legend, and labels to thwart the
transmission of the intended message

Another possible obstacle tq effectiye carto-
graphic communication anses from the difficulty of
_thé human nervous system to perceive correctly ‘e
relame sizes of gRAduated circles and the degrees of
blackness of differegt shaded area symbols Cartog-
raphers need to know-ore about the function of
visual $erception and its relation to map design
{McCleary, 1970) Psychophysical experiments at-
tempting to'describe mathematically the relation-
ships betwéen symbols as' stimuli on paper and the
responses these symbols produce 1n the brain have
led to methods for rescaling the sizes of graduated
aircles so that estimates of their mdgnitudes by map
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readers better approximate the pumerical values
these- symbols represent (Flannery. 1971) (?r
- experiments by cartographers have resulted in
methods for selecting more visually distincttgray-
tone shadipg patterns for choroplethic maps® (Wil-
liams, 1958: Kimerling, 1975) ahd 'for adjusting the
density of dots on dot maps to achieve improved
estimates of relative concentratior (Olson. 1977)
Yet, rescaling symbols tojdiust for errors i
visual esgfmation is only part of the solutin. Train-
ing in map reading provides another answer. Oftson-
{1975b). for ihstance. gave her subjects the opportu-
Rity 1o see some correct answers to tests judging the
density of dots and the magnitude of graduated
circles. Tests were administered before and after
these training sessions. and the feedback produced

‘appreciable improvement in the subjects’ estimates.,

The need for adequate education in map reading
tasks. however is much broader Muehrcke (1974)
calls for an increased understanding of the limita-
tions of maps in order that decisions adverse to
human®needs and environmental quality not result
from the misapplication of maps by either map
‘maker or map reader Balchin presents an argument.
for more thorough education i1n ‘map reading and
places graphicacy. “‘the educated counterpart of the
visual-spatial aspect of human inteiligence and
cgmmunication.” on an equal fodting with verbal

‘liferacy. social articylateness. and numerical ability .

{1976:34) Blaut and Stea {1974) recognize thé&bil-

ity of three-vear-olds ta make and use map¥ and"

urge that formjal map training begin when a child
starts school . .

The ability and personahty of the map reader 1s
the least controllable aspect of cartographic com-
mumication. Yet. eveh though the user’s enthusiasm
and.skill in map analysis cannot be increased ‘easly
by the map maker. the user's expengnce with real-
ity and his or her mapping needs must at least
recognized A map to be used by planners and other
offictals supposedly famihar with their city 1s hkely
to be less readily interpreted by the average citizag
who. as an 1illustration. might want to know only
where a new sewer line 15 to be extended. not 1ts
diameter and other engineering specifications Sim-

%
.

*Choropleth maps portray patierns or_distrnibutions of vanous
absolute or relative phenomena by incorporating these data
within preexisting boundanes of areal units such as mihor cisil
divisions. counties. states and countnies of blocks census
tracts, economic regions planning regions and neighborhoods
Their boundary patterns differ from other i1soline.map patterns
sdch as isobars (equal barometoc pressures) or isohvets {equal
precipitation totals) because the data themselves are used todprm
the areal boun independent of any preexisting boundary
For example. lines portrsying density of populatipn 1n the L S
can follow county boundanes as the limits®of a ‘particular
density. or they can connect points of equal density to form
populatian density boundanes The former linés portray popula-

, ion density ¥ia choropleths the latter show population density.
via solines {For examples of choropleth flaps see Figures 21
22, 24. and 26} ‘ . -

Jilarly. an atlas prepared for school children is best
judged by the users in terms of their increased
\«oderstgnding of the Earth than by the subjective
impressionis of educators.sadm#fhistrators, and par-
ents Unfortunately. too few surveys of user needs
and of the actual meaning derived ffom maps have
been conducted ” Moreover, acdlaim by other cartog-
raphers is no guarantee that a map is most suited to
its intended»audience.

Information Theory " .

- Since maps are intenided to transmit information,
a useful means of stud¥ing the cartographic com-
-municatipon process 1s found in information,th .
The generalized communication system (Figu;?g)
originally*diagrammed by Johnson and Klare {1961)
and Msed in several recent essays on cartographic
communication {Board.1967:673: Jolliffe. 1974:176;
Robinson and Petchenik. 1975:9) provides a conve-
nieng starting point. This set of linkages can be used
to model any typg of information flow system. such
as radio. speech. newspapers. and maps. Its end
points. labeled “‘source’” and “"destination.” are the
onginator and the recipient of the messages. sym-
bols. of other discrete signals flowing through the

<> system At its more advanced levels. information

L3

theosy endeavors to express mathematically the
amount of information transferred from one stage in
‘the syst@n to the next For diseussions of carto-
graphic communication. however. information the-
orv can be used to indicate the different places
where errors can enter the system: efforts might
then be made to optimize the use of maps ’

As a message withun a communication system
proceeds from source to destination 1t takes differ-
ent forms. The first change occurs when the mes-

sage i converted to code. as in the case of an idea .

written as a series of letters and punctuation marks
Next, a transmitter produces a signal that is carried
by a commungication channel. such as electromag-
netic radiation. nerve fibets. or wires. to a receiver.
After the message 1s’ received. the resulting code

must then be décoded before delivery to the desti- *

nation . . .
The channel’s carrying capacity might limit the
amaynt or rate of information flow: through the
system Ordinary telephone wjres. for 1nstance. are
usually adequate for signals transmitted for voice
communication bet cannot handle the more fre-
quent signals a digital computer might generatef in
this. instance the rate of transmission must be
slowed down or the quality of the circuit upgraded
XMoreover, a message might be made more difficult
to receive and decode 1if noise. say. cross talk during
a telephone conversatipn. enters the channel In
general. noise 1s an unwanted signal that can or
cannot be decoded. Noise might be incoherent or
meaningless. as when crackling occurs during a
telephone conversation, but coherent or meaningful

- noise cap also occur Unwanted signals coherent.

with the desired signal are also called distortion, a

~
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term that describes the poor sound quahty of a
cheap radio or the result of looking intg a fun-house
mirror at an amusement park These are some of the
more pbvious types of distortion. a2ll communica-
tion systems introduce distortion as they convey
information {Young. 1971.7}. '

A device that rejects certain signals. such as radio
waves not of a preferred frequency. while accepting
others. is called a filter Filters can screen out some
noise or simphfy more complex signals They are

. not restricted only to receivers A-voice coder. for

example. has an analyzer unit with a series of filters
that decompose speech signals into different fre-
quency bands before transmission through a chan-
nel to a synthesizer that remakes these signals into

- speech (Pierce. 1961 136-137} The resulting sounds

X

I
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b
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often resemble a“cancature of the original speech
but are recognizabde nonetheless Thus with the
addition of filters. even our model of a generalized
communication system can be more complex than
thay discussed above .Other worthwhile modifica-
tiors recognize that. since all messages. transmit-
ted, goded. or recesved. are signals flowing through
chapnels. noise or-distortion can enter a communi-
cation [system on either side of the primary channel

A of Cartographic Communication

The| flow diagram of a generalized commun:ca-
tion system can be made meaningful to cartography
only if the number of stages 1s ‘#creased and filters
aré added. Furthermore. except for mishandling 1n

" transit or by other users. ngise enters the system not-

at the main communication channel—the map—but
at interfaces between other. adjacent- stages in the
system. In addition. a model of map communication
must recognize that some of the cartographic func-
tionanies play a dual role witlhnn the context of

information theory. For 1mstance. the map authos i1s -

both the source of the map's intent and the encoder
of real data. whereas the cartographer. who might
might not be the same person as the map author.

11

1

Figure 5 Model of a generalized communication system (after Johnson and Klare 1961)

\

-

1s both an encoder who chooses map symbols and a -
transmitter who positions- them on paper or on
drafing film The map user is the receiver. the
decoder. and the destination The model presented
here (Figure 6) 15 an amphfication of a diagram
developed by Jolliffe (1974) .

Although the message originates in reality. the
source of the map's intellectual content 1s the map
author The 1dea contained 1n the map-depends, in
part. on what the author knows about reality Real
noise describes extraneous (or erroneous} informa-
tion that might be introduced at the linkage be-
tween the real world and the map author. this noise
1s fully or partly countered by a data filter whereby
srrelevant details are ignored This filtering might
be done by the map author who views the real’
world selectively or by a data-collection agency,
such as the Bureau of the Census or the Geological
Survey: which publishes documents presenting a
necessanly limited. and possibly biased. version of.
reality. Obviously. this part of the diagram could be
far more efaborate. but any amplification of this
stage is more appropnate to discussions of scien-
tific od and research design than to cartogra-
phy .

Wha the author tells the cartographer is filtered
by what the author views as the intended meaning
of the map An author unclear about a map’s mean-
ing or purpose imparts undue author noise to the
system. An author not fully aware of the limitations
of maps might decide to use a-map when some,
other form of unication ‘would be more effec-
tive When author and cartographer are not the
same individual. problems might also arise from the
transfer of inexact jnstructions. Moreover. thé car-
tographer is handicapped if not aware of the final,
reproduced size of the map, since map size is an
important determinant of optimal generalization
and symbolization Finally. an author i1griorant of
the intellectual or sensory capabilities of the map
reader might well fequest a map too visually com-

J
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plex to be understandable’

The cartographer can confuse the message by
adding designer noise Type might be too small to
be read. symbols might not be rgadily differentiated
by the reader or th® map might have a sloppy
layout or clashing eolors that tend to distract the
reader Similarly. a map that must hold the atten-
tion of a marginally interested reader might be too
drab or commonplace Other kinds of designer
noise include the method-produced errors men-
tioned earlier in this chapter A design filter can
contribute to effective communication by removing
unneeded detail that has somehow progressed-this

* far in the flow from source to destination Yet,

although noise is almost universally undesirable. a
filter can exert both positive and negative influ-
ences Too much geographic detail might. for in-
stance. be removed leaving the reader with an
inadequate locational framgwork A map reader.
after all. must be able to relate the symbols to his or
her knowledge of reality .
$ At the printing stage reproduction noise cam
further distort the message Color plates might be
offset. thus yielding® poor color registry—the over-
lap or underlap of different colors oftén noticeable
n the Sunday comics Sloppy printing also in-
cludes the loss of type during plate-making {when
labels have been known ta fall off a dratving; and
the use of paper too porous to retain fine'lines A
good cartographer will understand the imijs of'the

.
~

~

f e prititing mé‘Mwill examine press p

»
roofs The
printing stage has no corresponding reproduction
filter. the use of too little ,ink to produce a crisp
image .can be treated as another form of reproduc-
tion noise .
Differentiation: of stages in cartographic commu-
nication 1s less obvious after the map has been
printed The ppimary receiver is the map reader’s
visual sensors. hut attitydes toward both the map in
question gnd maps 1 general will inﬂuencemg;g
thoroughness with which the reader scans the Map
If the map 1s uninterestintg or, if the reader is
indifferent to or repelled by maps. the map might
be examined superficially oz yot at all The reader’s
intelhgence and knowledge Will also affect map
decoding ability. but the complex interrelationships *
of .these concepts warrant their consideration as a
single factor Finally. the reader's possibly in-
creased understapding of reality as a result of
studying the map 1s another aspect of the message's
destination Separating these’ four stages in- the
diagram (Figure 6} 1s confounded by the contimious
feedback occurring as the reader résponds to one
map symbol and then decides whare else to look
For a more detailed discussion of map use and
cartographic communication. see Robinson and
Petchenik (1976) . h
Perceptiog and cognitian are both involved in
map rebding Perception. whereby direct dcquaint-
ance with a shimulus 1s_obtained through the sen-
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ses. precedes cognition. 1n which the mind becomes
sufficiently aware of dbjects or symbols to identify
them and 1o initiate action as well A person touch-
ing a hot stove. for instance. perceives héat as nerve
endings in the fingers send messages to the brain.

" "when cognition occurs he or she rapidly withdraws

the burned hand and shouts an appropnate exple-
tive. When neading a map. the reader’s visual sen-
., sors might perceive the-relative magnitude of a
" graduated circle representing the value for San
*Francisco. Cognition occurs when the reader begins
to look farther south to find the circle symbolizing
California’s other major city. Los Amgeles In carto-
graphic communication these two proeesses are so
intertwined that the term perception 1s apphed. for
convenience. to all acts of obsernng symbols and
estimating their size. coler. and shape Cognition 1s
thus reserved for acts of spatial recogmtion in
which these symbols acquire meaning i terms of
place or paltern

Perceptual noise might deceive the map reader by
alfering, for example. the-apffarent relative size of 2
circle Areas of larger circles are in this case
visually underestimated relative to the areas of
smaller circles Perceptual filters act temporanly to
screen .out marks on a map when two or mare
stimuli. such as overlapping graduated circles are
in conflict Another example of perceptual filtering
is the figure-ground phenomenon whereby a signif;-
cant symbol stands out from the surrounding
ground detail with which 1t shares the field of view

. (Figure i) Poor tonal contrast on a biack-and-white

map is but one design error that might confound
the emergence of the figure from the ground {Dent.
1972b) On maps printed in color. differences in

LN )
—
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hue. brilhiance, and tone generally facilitate figure-
ground differentiation Polychrome (color) maps.
therefore. can contain a greater yariety of symbols
and more information than mon hrome dramngs
But even color maps can be too complex for ready
perceptual filtering if their design is poor or if the
author attempts tp cram too many different ty pes of

" information onto the same map The effective ca-

pacity of the map as a
thus constrained by the
ceptual filter @
A map reader can be uncomfortable with maps in
general. bored. distracted. or only marginally inter-
ested 1n what the map 1s attempting to show In
these cases vigilance noise enters the communita-
tion process and much useful information. includ-.
ing the whole meaning of the map. might be lost
thrdugh 1nattention In the extreme. the reader’s
attitude filter might lead to 1gnoring the map com-
pletely Attitudes. which can be either positive or
negative and which play important roles in all
forms of behavior {Doob. 1947). are an amportant
aspect of cartographic communication Clearly. pos- -
itive -attitudes toward “maps should increase the
likelthood that the ge intended by the map

mmurscatign channel is
mits of-the reader’s per- .

author will reach itsédestination Negative attitudes.

h‘ﬁh deter cqmmumcatmn might be bevond tfie
ol of the map author=howeer. in some cases a
map with an eye-calching design might overcome a
negative att)tude and catch the reader's attentién
Dent (1975} addréssed this problem and Petchenik
{1974) employed payrs of bipolar adjectives, such as

“helpful hindering " to determine” readers’ atti-
tudes toward egaps Their approach might help
cartographers identify map ‘designs particularly ef-
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O

D

0

-

‘ Figure 7

°

4

Poor ileft: and good iright figure-ground differentiation
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fective with otherwise uninterested readers.
Ignoring symbols not relevant to a particular
map-readmg task occurs at the destination-decod-
ing stage. Here the interpretation filter permits the
reader to overlook -extraneous information ‘and to
assemble useful feafures into a meaningful inter-
g]mtat}ﬁn of the map~Mistakes, however. are possi-
e and probable, especially if the reader is ignorant
of the map’s subject matter or the region Hence,

interpretatien noise can obscure the intended.

meaning. Moreover, since the mental processes in-
volved at this stage are purely cognitive, the
reader's increased understanding of reality might
well exceed that intended by the map author (Ro-
binson and-Petchenik. 1975:11-12). Thus. any user
survey. which provides a feedback loop for gauging
the effectiveness of this communication system,
must recognize that increased understanding or
jconfusion following the reader’s use of a map need
not stem solely from the map 1tself-

This model of cartographic communication. al-
though irradequate 14 its deseription of the mental
operations accompari¥ing map readmg. might serve
to highlight some strengths and weaknesses of
maps as communication channels Although the
map author and cartographer have control over the
map’s content and graphic composition. they must

'

.

be aware of perceptual limitations: otherwise, thgy
might ask (20 much of the teader They myst
eliminate undue complexity and attemptfto
heighten interesf in their mapped-message. Allftoo ,
often maps are sloppy, bland. or poorly integrated
with the accompanying text. Can the readef be
condemned for ignoring this type of map? Within
limits, maps should be interesting as well ag’accu-
rate.

Jncorrect’ interpretations are the hk
quences of poor map-reading and analfysis skills,
and of a poor grasp of the geegraph#tal processes
associated with the mapped phgrfiomena. When
these interpretations are translated into actions, the

outcomes can be serious. N only might drivers *
become lost. confused. more likely to have
accidents, but plappi#f and military decisions

based on erroneots map reading can have grave-
social, economic. political, and human costs. Is it
any wonder thea that the military places great
emphasis on training in and research about map
reading? Should not our general educational system
do likewise? Becaaise maps Are indispensable for .

-conse-

many tasks. educators at all levels should respond
to this basic nged The public has a 'right to know
when and how to use maps 3

1
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Projections. one of the'distortions required on a

-.— flat map representing the spatial relationships of a

curved surface. can be an important source of de-\
signér noise im cartographic communication Since
distortion produced by common map projections is
more apparent at the global or hemispherical level.
projections are less likely to thwart effective carto-
graphic communication at .larger scales (showlr:f

small areas) for which suitable base maps are read- -

ily available from international. national. state. and

' “]ocal mapping agencies. The most effective map

- projection. however. is not ys obtained by the

thoughtful selection of an acceptable existing base

map: a mapping task 1s often better served. 1f“the’

. requirements are met. by~a projection designed.

rather than chosen. for a particular need Neverthe-

less. in practice. projections are all too often chosen

—  for convenience: they might not hinder. but neither
do they help thé map. - . »

Inappropriate choices of. projections. now, rela:
tively rare occurrences. are mest -common among
‘professtonals in the cdmmumications industry not
trained in cartography. Graphic artists. for instance.
although highly skilled in design and production
methods. usually know hittle more about maps than
does the average person—the target of their adver-
tisements. graphs. and pictonal layouts Iromically
their cartographic work 1s often among the best in
design and innovation. but they make errors stem-

! -
ming from nonexistent traiming 1n thé principles of
.mapping. .

Early in December 1975. for instancé. President
Gerald R. Ford wvisited the People's Republic of
China. On the presidential fhight between Washing:
ton and Pekin}}. he stopped over in Alaska. at
Fairbanks and Anchorage These stops permatted
the presidential party to view the trans-Alaskd prpe-
line. and American news media gave this part of the
trip front-page coverage One television network
mapped the route and the stop-over with continen-
tal outlines from an eqgatorially-centered cylindri-
cal prejeption. This spatjal perspective greatly dis-

" torted theapurpose of the Alaskan stop. since Air
“ Force .One did not go out of its way to land 1n
Alaska. A gnomonic projectiori. which partrays all
great-circle routes® as straight lines, demonstrates
clearly that Fairbanks is along the relatively direct
route betwegn Wgshington\ and Tokyo. where the

*A circle formed on the surface of a plane passed through the
center of the easrth The shortest distance between two points on
a sphere 15 the arc of the cirrumference of a great circle

v
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IIl. PROJECTIONS AND PRAGMATISM |

plane was again refueled enroute to Peking (Figure
8) . R o —

Tis misuse of one type of map projection also
illustrates how another projection could have been

emploved effectively and accurately Although both _
"projections distort the Earth’s surface. the gnomonic

map would not have distorted the significance of

‘the Alaskan visit. Yet. its straight-line representa-

tior-of great-circle routes limjts the gnomonic pro-
jection to maps concerned with direct-route naviga-
tion Dispance. angles. atgas. and shape are all
subject to substantial distortion. particularly at the
periphery of the map. in order-that one aspect of the
Earth's geométry—direct routes—be preserved

here are many instances'in which the effective

use of a projection 1s quite limited . For some’
applications, moreover. the best projection has yet
to be developed. This chapter. 1a exploring further
the design fMter associated with projections. gis-
cusses the construction of some easily drawn. one-
of-a-kind projections that focus their distortion to-
ward. not away from, the intended message of the
map

The Mercator Mystique .

Networks of tibs of palm leaves were used to
represent routes and wave patterns between the
Marshall Islands. these crude stick charts were
among the earliest maps Later nautical maps of the

_thirteenth ceptury also portrayed routes as straight

lines. these lan charts were ornate maps with
compass roses oriented toward magnetic north
(Thrower. 1972 38-42) Coastal features were em-
phasized along with compass bearings, between
ports As larger parts of the Earth were mapped.

. navigators-and ecartographers became aware that

lines of constant geographic direction. called
rhumb lLines or loxodromes. could not remain
straight without a progressive 1ncrease 11 scale from
the Equator poleward Except for north-south or
east-west orientations. rhumb hines on the globe are
spiral routes that. in theoty. would'circle the Earth
an infinite number of times and never readh the
poles When mapped as straight lines. thumb lines
require an increased poleward spacing of parallels
Yet. their representation is a n to navigators

“who have oply tp maintain a constant course in

going from one point to another.

An easily replicated solution to'this preblem did
not appear ‘until the latter part of the sixteenth
century. when Gerhardus Mercator developed ghe
projection that bears his name Born In 1512 1n
Flanders. Mercator was a skilled engraver who

Y .
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Figure & President Ford's flight from Washingtorf to Peking 1975 A standard cvlindrical pr;)yectjon.Ueft) portsays the’
Alaskan rest stop as a significant departure from a direct route whereas a gnomonic projection (nght) indicates that this

stop representgd little deviation from a great-circle route

/ - ~

prodyc/ed.one of the early globes As a lind sur-
veyor. he prepared maps of Egrope and. in 1554. he

was the first to use a conic projection with two °

standard parallels His greatest achievement. how-
ver. was the desigmof a world map projection on
/which rhumb. lines were straight Imes intersecting
the meridians at a canstant angle Thus with the aid
of a protractor, the bearing (east or west of north) of
a thumb line between twg ports can easily be
estimated. ) . .
Rhumb lines. however. are not shortest-distance.
great-circle routes These direct routes generally
appear & curves on a Mercator prujection (Figure
9]. Nonetheless a course can be divided 1nto severa)
shorter segments. each of which has a separate
rhumb line that approximates more closely the
great circle linking the terminal points of the o
route This practice can shorten an otherwise
lengthy voyage and also allow for intervening land
masses. , . ) .
¥ The_increasing poleward spacing between paral-
lels was determined empincally by Mercator. al-
though Edward Wright, an English mathematicig

sixteenth and seventeenth centuries (Thrower.
1972:55). Once its merits wers reg:ogniz&d. ‘how-

ever, the use of the Mercator projection—in a clas- °

sic example of *too-little-too-soon. too-much-too-
late—was extended well beyond its intended nauti-

,- - . .
cal application -Quring the late 1930s, Newsweek

b® none gained

1

still used the Mercator {Ristow. 1957 387). and this

LY

projection was also a comvenient tool for Nazi -

_geopoliticians and propagandists (Boggs. 1947.471).
During the 1950s the Mercator's enlargement of

northern areas made 1t'a favorite of persans wanting -

to exaggerate the Communist threat (Figure 9) Even
today. many outline maps used for geography units
Jan elementary schools are based on the Mercator
gnd - :

Between 1910 and 1920." | Paul Goode ekperi-
mented with interrupted map projections At this -
time, the Mercator was still the most common
projectbn for world maps in school atlases” Al-
though 1t distorted area, the Mercator projection
was at least familiar A few -equal-area projections .

been used in classroom atlases before Goode.

widespread acceptagge. most
likely because poleward fehtures were compressed
either as the spacing between adjacent paralleis
decreased or.as other meridians were drawn inward
toward the central mendian at the top and bottom
points of the projection. Goode developed his hom-.

“olosine (equal-area) projection by comibining the
ey

homolographic (for areas polewdedt.ohua%88 5
and the sinusoidal (fessareas equatorward of 40°

latitude) projections. each of which weuld give the. -,

‘best equal-area atfributes for the areas to bd"
mapped Goede divided the Earth's land masses
into twelve zones. each of which had its own
locally centered projection (Figure 10). In this way
he reduced the gistomon of shape for each zone.

[N
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Figure 9 Distortion of distance and area on a Mercatorprojection A shorfest-distance great- mrc)é route appears 3s a
lengtb\ arc. and poleward stretching amplifies the land area of the Communist world
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’f'hese_twelve projections were then splxced together America and Africa. and between Africa and Aus-
with parallels interrupted over water between North tralia Each lobe extending poleward from the Equa-
America and Eurasia between South America and tor was divided into two separate zones at 40° north

the islands of the South Pacific.,between Soith . ’Iatxtude and 40° douth latitude {Frgure 10) Goode's”

.

, 4 Figure 10 Goode’s interrupted homelosine equal-area projection
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projection met his critenia for an. equal

ea map-
\blc.h attempted tp preserve the esseptial shapes of
continents (Goede. 1925: 1121} Since the 1930s. this
and similar interrupted “projections have replaced
the Mercator as the standard. projection for world
maps of land features Moreover. the variety of
commonly used projections has increased. thereby,
providing, atlas users with a d&srrable assortment of
world Views.

. T Area Czr!pgrams rig
_Presidents are often” |dent|fled by their home
siate john:Kennedy was from Massachusetts. Lyn-
don Jobnson from Texas and Richard Nixon_ was:

“born 1n California. Their oppoenents also have con-

spicuous regional ties: Batry,Goldwater hailed from
Arizona. Hubert Humphrey from Minnesota, George
Wallace from Alabama. and George MgGovern from
South Dakota’ Before demonstrating jnattenal ap-

world's o1l is 1n the Middle East. Even- Africa's
reserves exceed thase of North and South America

combined. The United States. however, is’compara- -

tively well supplied with coal. Its coal reserves. in
fact.-exceed the combined resources of Europe and

+ the Middle East Although the distributions of po-

tential o1} and coal production could be shown on a
.convenfional equivalent projection with area sym-
bols representing different statisticg'} categories {in
either absolute barrels or tons..or intberrels or tons
per square kilometer}, the tesultmg maps would
probably not emphasize this nation's short supply
of petroleum or its aburidance, of coal. Even picto-
nal symbols. such -as derricks and hopper cars,-

proportional in number to national qr tegional 'sup-
‘plies. would be only marginally more effective, On
We map for oil. moreover, the Middle East might be

cI#}ered with oveﬂappmg derricks.

peal. a candidate must first gain local ‘and regional 3

prominence “Thus. 1t is‘not surprising that a candi-
date for the presidency will capture an electoral
majority -within che of the country’s major re-
glons—the industrnial Northeast. the South the Mid-
west. or the West

A candidate’s percenfage of the popular vote can
be mapped..but because of our Comstitution. a
simple majority in a state gives a cahdidate all of
the sYate’s electora] votes As an‘extreme examples a

map of McGovern's’ winnings 1n 1972—Massachu- -

setts and the District of Columbia—shews nothing
more than voids in Nixon's‘landshde Even allow-
ing for the electoral eollege and umt rule however.
the 1972 McGovern map would be misleading |
Washwigton. D C_and the Commonwealth of Massa-*,
chusetts occupy insignificant portions of the na-
tional map—0 23 percent of the country’s 3.615.000
square ‘miles—even though they contained a much
higher percentage—3.2 percent—of the 538 elec-
toral ballots cast in that election Because their

population densities ar® gelatively high. a newspa--

per or magazine using a base map with an equal-
aréa projection would only further enhance the
Republican candidate’'s overwhelming nrtorg,
However, electors not square mies elect Presi-
dents' -

Most map readers. of course. could not be mlsled
by this example Yet. based Q) the number of

electors 1 1972, a candidate need only carry the
.eleven mast populous states—California. New York,

Pennsylvania. Illinois. Texas. Ohio. Michigan. Flor-

ida. New Jersey. Massachusetts. and Indiana—to ’

receive a clear majority 1n the electoral college A
réader viewing an equal -area base map wrh only
these states colered in might not. however. see this
as an obvious. albeit naffow, victary A perceived,
absence of areal domirdice might also be equated

with the lack of ‘numerical dominance and lead to -

m:smterpretallons of other quantitative maps
Consider. for instance. the world’s known re-
serves of fossil fuels Slightly over half of the

18

1s message can. be com@¥ed with greater. im-
pact by redrawing the map+so that a region’s
mapped area 1s made propomona} to its energy
reserves (Figure 11). The resulting contiguous area
cartogram can be a highly effective map projection
if the.identities of the wpdisvidual mapping units are
not destroyed as areé ig distorted. Although not a
conventional map pro%ﬁ the cartogram is a
transfort/nahon of space shares basic' mathemat-
ical properties with ‘moretraditional map projec-
tions (Taobler, 1963). The"glstomon of land area to
achieve equal density so that, for instance, ope
square ventimefer anywhere on the map represents
the same amount of coal or oil. is its identifying and
most valuable property. Erwin RaTsz (1934). ap
early advocaté of these projections. used cartograms
to illtistrate "geographic difference in population,
national wealth. value added by manufacturing.
value of farm products sold. and other economic .
vaniables. Raisz recognized the cartogram s value to
* bqth education and business.

In addition to more direct uses in which areas are
merely distorted and pessibly gdentified by name,
area cartograms can also serve®s useful base maps
for shaded area symbols Since most western peo-
ples are concentrated in and around cities, for
example. area screens placed inside the outlines of
relatively small arban enumetation districts are
generally inconspicuous when compared to the area
symbols representing more extensive rural regjons.
Since metropolitan populations differ-in many re-
spects from rural populations, the 'minimized visual
impact _of area symbols representing city units
yie]ds unrepresentative mapped pattems When a
earfogram based on population is the base map,
however. the reader is presented area shading sym-
bols wrth areas directly proportional to their signifi-
cance. These demographic base maps can be devel-
oped fpr population subgroups ag well as for total
numbers of nhabitants (Forster, 1966). Thus. the
death rates of blacks-can be shown on a cartogram

based upon the more germane black population. if -
-the region mapped s marked by geographic differ- -
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Figure 11. Contiguoﬁfﬁ area cartogram showing worldwide patterns of oil and coal resefves (courtesy Exxon Corpora-
tion). Ly o . . .

7o .

ences in concentration between blacks and other

racial groups, this type of map is less likely to result+

in misinterpretations than a conventional display

that 'would, for example, overemphasize the spatial

. trends for relatively small numbers of rural blacks
in the Northeast.

The construction of a contiguous.area cartogram

requires only a standard base map (Figure 12-A}, a |

sheet of graph paper, a straight-edge. a pencil. and a
- good -eraser. Begin by simplifying the boungaries
(Figure 12-B). Since map readers gs_neralize shape

.
-

menally, teri-er fewer points that serve as cuss for

shape identification will ysually be adequate {Dent,
1972a). Next, convert the numerical values for these -
areas into the number of grid squares that they will
occupy on the grapW paper. In this example the
estimated 1975 populations .of the six New England
states are given in thousands (Figure 12-AJ. Divid-
ing New Hampshirg’s value-of 813 by a scaling
esnstant of 25 yields 33 squates (814325 33). This -
arbitrary constant was chpsen so that, for this par-
ticular grid, the catogram will be neither too small
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Figure 12  Stages in the construction of a contiguous area cartogram
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ner so large that all of New England would be

compressed into a shapeless rectangle. Apply the
same constant to find the numbers of grid squares
for the other five states (Figure 12-B). :

Transfer the tarted shapes‘to the square gnd
begm:gag withas r the center of the region.
Adequate space must available on the sheet for
the other states and for the unused space needed if
their shapes are to be partrayed-realistically. Massa-
chusetts, for instance, is to have 233 blocks. but
make allowance for the 168 blocks of Connecticut
and Rhode Island to the south and for the eastward
extension of Maine. Experiment with different dis-
torted shapes to approximate the true shape and to
maintain the correct number of cells within the
outline. An areal unit can be built up through, the
accretion of rectangles and triangles, the combined
areas of which should match the number of grid
squares specified for the state (Figure 13). Use of
ttiangles permits dlagonal boundaries and avoids’
bloeky shapes. A tri s area can be determined
readily by dividing the area of the rectangle that
enocloses it by two. Thus a triangle two cells wide
and three cells tall has an area of three.

In this example. Connecticut and Rhode Island
are added below Massachusetts with little difficulty
{(Figure 12-C). Vermont and New Hampshire. how-
ever, are problems because population density is
lower in northern New England than in Massachu-
setts. Since contiguity (sharing common bounda-
ries) is to be“preserved as-an important supplement
to the, shape cues. these two states are mapped with
relatively small northward extents. Although sev-
eral cue points must be sacrificed. New Hamp-
shire’s Atlantic shoreliné is preserved Since Maine
is contiguous only to New Hdmpshire. the essence
of its shape can be reffined with little difficulty
Finally. an area regend or anchor stimulus is added
so that the reader can relate area onthe cartogram
to numbers gd inhabitants. since 25.000 people are
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Figure 13. I&I:onstruction of the Massachusetts outhine
by adding rectangles and triangles . ‘ .
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represented by one grid square, 16 cells (4 x 4)
represent 400.000 people.
Not all contiguous area cartograms can be con-

* structed-as readily as this one. Extreme variations In

o

denSity make the preservation of th shape and
cbntiguity difficult. A cartogram be8ed on the pop-.
ulations of Canadian provinces and territories, for
example, cannot portray adequately the Yukon and
the Northwest Territories; which had 1966 popula-
tions of only 14,000 and 29.000 respectively. Fur-
thermore, no matter how accurately the generalized

* shapes of sorhe areas might be rendered. the cartd--

gram is largely ineffectual if the original shapes of
these areas are unfamiliar to the reader. Unfamiliar
outlmes are common with censuys tracts, minor civil
divisions (townships, towns, boroughs, and vil-
lages), and even counties. Although labeling or
including a standard map as a legend or inset might
help in some instances, a large number of areal
-units or extreme density variations mght precluile.

" legible labels. Thus, the previous experience of the

20

map reader and the mapped phenomenon itself are
constraints on the utility of cartograms. .

If contiguity is sacrificed, shape can be preserved
in much greater detail. The resulting noncontiguous
area cartogram can be constructed with the aid of a

‘projector or can easily be drawn on a line plotter

controlled by a digital computer (Olson 1976). The
areal unit with the greatest density is usually cho-
sen as the basis for the scaling, and the areas of all
other enumeration districts are scaled downward in
proportion to their numerical values. Each areal
.unit is still centered about its original centroid on
the base map, but most outlines contract inward
(Figure 14). The -result is a propartional symbol
map where actual shape determines the form'® of
each symbol Density variations cannot inhibit the
effectiveness of this type of cartogram unless some
units are allowed to collapse.to a mere dot Yet,
even if this should occur. these dots are meanfngful
symbols with meaningful locations relative to the
other symbols on the map.

Distance Transformations’

Maps are not the only dlstomons of distance.
Since few roads are aligned with great circles. the
highway.network distorts the space man uses. Even
airline routes are not usually direct because many

flights detour-somewhat from relatively straight -

routes to serve intermediate airports. and because
air currents and safety demand departureg from
great-circle routes Furthermore, distance. whether
direct o circuitous, is but one method-of describing
the separations.of places: movemeént over space of
spersons, merchandise. or messages is affected by
distance; time, and cost. By telephone, City Hall is
as close as one’s next door neighbor. Yet, because of
socioeconomic and cultural differences. social serv-
ices. such as legal advice and medical care, might
be inaccessible te low-income families evep when
lawyers and physicians are easily accessible by bus
. - s 1 d

.
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- K or. telephone. This social distance is very real,

although not readily measured. and explains why,

for example, a ghetto youth might make a substan.

tial detour around another group’s turf. 4
Travel distance, travel time, transportation and

communication costs, and social distances ¢an all

be mapped. Although the relative positions of

points can be reconstructed from distance. or dis-

similarity measures by multidimensional scaling

methods, a digital computer and"a relatively com- (

plex program are required {Tobler et al:, 1970).

When the map is to focus on a single place. how-

ever, its construction is relatively uncomplicated. A

base map, blank sheet of paper, pencil, and measur-

ing scale are the only materials required. The focal

point and the places separated from it by a space

‘distortion, such as‘driving time. are first iocated on

the base map. Then radials are drawn from

center point X through and beyond the peripheral”

locations (Figure 15-A). Next, an appropriate scale .

is used to relocate these places on their respective

radials {(Figure 15-B). Finally, for the convenience

of the reader, circular arcs are drawn at selected

intervals and labeled so that a plece's position .

relative. to the focal puint can easily be related to _ «~

the distortifg distance, time, or cost (Figure 15-Ctv~ * -

Although not required, polar coordinate graph pa-

per. which has evenly spaced concentric circles, is

helpful in producing this type of map. '

_ Interpretation of these gistance-transformation

maps, which are also called linear cartograms, is

8

i

e straightforward. In the previous exampler for in-
Figure 14.. A noncontiguous area cartogram, (from O} = Stance. places less directly connecjed .by road with
son. 1976} Reprinted by permission of the Associatien of point X gre displaced outward relative to places
American Geographers ] linked- more didectly with X (Figure. 15-A and C).
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Figure 15 Stages in the construction of a distance-transformation’ map., ' :
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This method can be even more useful when com-
paring two or more phenomena. Different distor-
tions of distance from Syracuse. New York. for
example, result from telephone rates and airline
fares (Figure 16). Since, on a distance basis. intra-
state telephone mptes are higher than interstate rates,
a call to New York City cests more than one to

Seattle. Binghamton and Watertown. both within -

New York State, also have higher rates than their

distances from. Syracuse would suggest. Airline
‘rates, which reffect

both flying and terminal costs,
are more closely related to great-cirtle distances.
Yet Binghamton, with no direet flights from Syra-
cuse, is "farther away” than New York City in
commercial aviation space. Other variables can be
portrayed, such as the cost of mailing a first-class
letter, which would equalize all destinations by
placing them on a single concentric circle around
the focus. Moreever. this approach can be used to
illustrate changes over time as rates increase and
transportation networks develop further. The
method is simple and direct. and the reader can
readily comprehend the map's meaning.
. Stepped Statistical Surfaces

A map of population distribution is. 1n a sense. a
view of the total number of people within a region

P

where density varies ‘from place to place. For a

- homogeneous r‘egion.\total population can be

thought of as the volume of a three-dimensional
prism (Figure,;17) The two horizontal dimenséns.
X and Y, describe the region’s land area. and the

[

POPULATION DENSITY = POPULATION / AREA .
POPULATION = POPULATION DENSITY x AREA \

.
FYRACUN S RETY AR A

Figure' 17 Pnsm representing_population as a vélume
and pdpulation density as its height. '

-

vertical dimension Z is a scale for average regional
population density. The formula for the volume of a
prism—area of the base multiplied by height—thus
. becbmes area times population density. Since pop-
ulation density is measured as number of people

divided by area, the volume is simply the number i

of people jn the region.
People, of course, are not uniformly distributed

over space. Thus the surface of a three-dimensional -

TELEPHONE DISTANCE FROM SYRACUSE

WATERTOWN

8¢
/_ BURLINGTON
] 3 .
EATTLE k{ ;3
*
oé.“. BOSTON
CH GO
\. -
.
LOUISVILLE
BINGHAMTON
- v ATLANTA *
N NEW YORK CiTY
MIAM

AIRLINE DISTANCE FROM SYRACUSE

‘SYRACUSE UNFVERSIT v CARTOCRAPMC LAR

Figure 16. Distance-transformation maps focused on Syracuse. New York
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object representing population 8ensity is not a
‘harizontal plane. Areas with high concentrations of
population should appear as peaks. whereas' large.
‘ sparsely popniated parts of the region ought to
resemble lowlan ese thrée-dimensional varia-
tions of ‘density can be ‘represented by either a
smoothed or a stepped surface (Figure 18}. and
: various methods can be used to yield -appropriate

levels of generalization (Cuff. 1975). In the specific |

case of a stepped surface. however. each county.
tqwnshlp or other census division is a separate

prism with a height proportiopal to its population’

density.

Three-dimensional views can be plotted rapidly
by a digital computer driving a high-speed pen
plotter. Plotter mapping programs, such as SYM\U
{Schmidt and Zafft, 1975). permit the cartographer
to vary orientation. vertical scaling. height of the
vantage point, and map scale Perspective views, in
which ‘more distant points have smaller scales be-
cause they are farther away from the viewer's eye.
are possible. but isometric views. with no sunilar
scale distortion. can be drawn more easily than
perspectives Isometric-orthographic graph paper.
available in most stores selling engineering sup-
plies. also aids in the manual construction of an
isometric stepped surface.

The procedure 1s relatively simple First. trace the
regional outline and internal boundaries onto a
sheet of square-grid graph paper {Figure 19-A}. The
relative orientation of the grid lines and boundaries
is important since. in this example. the area 1s to be
viewed from the lower right: places closer to the
upper left corner of the grid will then appear
toward the rear of the stepped surface. Next, trans-
fer the bounddries by eye to the 1sometric grid Note
that the squares are represented by diamonds on the
isometric-orthographic paper When the rectangular
frame of the base map is transferred to this grid,

-

ave the same number of
right of the foreground

however. it will still
divisions. to the left

point {indicated by the arrow) that it had on tlie .

square grid (Figure 19-B). Relocate end points of
straight and curved lines on the isometric grid by
counting the nufnber of divisions these points lie
from the left- and right-hand edges of the frame
around the region Straight lines on the square grid
remain straight on the isometric grid. simply con-
nect their end points Transfer curyed lines by
carefully noting the relalive distanees between in-
tersections where they cross grid lines. If a bound-
ary line meets a grid line halfway between twe
intersections oh the square-grid peper. for instance.
it will cross the isometric grid line midway between
. the corresponding nodes.

After redrawing.the boundaries on the ‘isometric
grid. use the orthographic grid (perpend:cul;r to
the view and to the drawing surface. i.e.. vertical
lines on the graph .paper) to position the tops of
pnsms at appropriate distances above their bases. A
vertical scale drawn along a vertical orthographic
grid Line specifies different possible heights for the
prisms (Figure 19-C). The horizontal lines can be
used as counters in determining how far -upward

" along the vertical lines the -base points need be

projected to form the top of a prism. Once the end
points of the base have been duplicated at the
elevation determined by the vertical scale—six
units upward for the irr the background of the
example—use the 1sometric grid lines to draw an
exact replica of the prism’s base Then connect the
top and base positions of the end pomts ~with
vertical hines.

This process 1s.repeated for the other areal units
In this example. the outline toward the right of the

sdiagram is projected upward three units indicating

that 1its population density is half that of the place
in the background (Figure 19-D). Finally. all line
. -

POPULATION DENSITY
8Y CENSUS SUBDIVISION .

[

POPULATION NUMBERS ™ //
8Y 20 MILE SQUARES P

Figure 18 Stepped (left) and smoothed (right) lsomettnc views of Albgrta‘s populahon distnbution {from Cuff. 1(5)

Reprh‘)ted by permission of the Department of Geography. Lmversn) of Alberta.
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segments hldden’from view are eliminated and
shading is added to enhance lhe-ihree—dnmensxonal
effect (Figure 19-E).

As with all mapping techniqués.” Tsometric

stepped statistical surfaces have limitations. The

. most serious difficulties result when the surface

a number of extreme lows qr highs or when

ple, a threesdimensional view of physician-popula-
tion ratios for the New Emgland states with Con-

" necticut and Rhode Island in the foregrpund results

in the complete blocking of New Hampshire. a state
less well endowed with M.D.’s than Massachusetts

_(Figure 20). Although a view from just south of east

would at least provide a glimpse of New Hamp-
shire, the reader might not readily recognize his
state’s short coastline between Massachusetts and
Maine. Furthermore. a more frreguldr surface might
not have any’ angie from which one can yiew all
areal units. In instances where the reader need be
provided with only a general impression of the
relative locations of .low values_ blocking of ong
prism by others -might not preclude using a three-
dimensiopal view Consequently, the map author
must consider both the needs bf the reader and the
spatial pattern of the data in determining not only

. 'inappropriate viewing angle is chosen. For éxam-

, Figure 19. Stages in the construction of an 1sometric stepped statisical surface

»

ing angle but also whether or not to use this
method at all When an aoceptable viewing direc-
tion exists. however, the 1sometric surface can pro--
vide a clear. striking visual impression of reality.

-

E","*‘.E‘:“ 2

o
e

T

§ o m&‘im a8

Fxgure 20 lsometnic s!.epped statistical surface of phys-
cians per 100.000 people. New England Stastes, 1967
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plethic maps present a convenient solution
hidden-area problem-of isometric stepped
surfaces. Instead of viewing the surface
oblique direction. a vertical view obviates
the removal of hidden lines. The three-dimensionaj
effect is lost. but area shading symbols supplant the
heights of indi¥idual prisms as a means of portray-
ing differences in value (Figure 21) Taller prisms.
representing higher data values. are shown only
with their bases filled with & relatively dark area
symbol, whereas shorter prisms are depicted by
comparatively light gray-tone screens within the
outlines of their bases. .

Classification Error

o

A limited: number of gray-tone symbols 1s com-’

monly used. and the areal units must be grouped
into categories. Because the number of | subdi-
visions almost always exceeds the nungof shad-
ing symbols employed. places with similar values
can be combined into a single mapping category

ted by the same atea symbol The resulting
classification is-akin ta, representing each area as-
signed to the same category by ap 1sometnc pnsm
with a height proportional torthe mean value of the
class (Jenks. 1967} As such, choroplethic classifica-
tion is another form of cartographic generalization
and another source of error -

Since categories should not bverlap in value.
adjacent categories are separated from each other by
class breaks. A number line along which all places
are plotted as points. 1s a useful representation of
both the data values and the divisions between
classes. Since different locations for the class breaks
will yield different classifications and different map
petterns, a choroplethic map 1s but one of a large
number of possible choroplethic maps that can be
produced for the same vanable (Figure 22).

Compact classes. in which the values are rela-
tively similar, are generally desirable. since placing

units with greatly dissimular values in the same:

category . increases classification error and might
léed the reader to believe that these areas. linked on
the map by a common symbol. are alike In many
instances. therefore, natural breaks separating clus-
4ers of points on the number line are preferred
divisions between mapping categories. Since naty-
ral breaks are not always obvious. however. other
classification methods. such as quantities. which
assign approximately the same number of areas to
each class. and equal-step intervalf, whereby the
range between the lowest and hfghest, values 1s
divided into equal parts. are often used (Figure 23)

4
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Quantiles providé readily understbod legends: in
the case of four classes. for example, each category
contains 25 percent of the areal units because the
reader can readily relate the categories to frequency
of occurrence The legends for equal-step categori-
zations can also be read easily because the high and
’low ends of the total range. of data values can be
shifted outwagd to provide round-number class lim-
its, such 4s 0-99, 10.0-19.9, 20.0-29.9. and 30.0-
40 0 Both quantile and equal-step classifications.
however. might subdivide naturally homogeneous
Ccategones and thereby decrease the accuracy of the
map.

Classifications are sometimes based on a varia-
ble's mean {arithmetic average) and standard devia-
tzon The latter 1s a measure of the dispersion of
data values about the mean and can be used to

PHYSICIANS IN PATIENT CARE
PER 100,000 POPULATION, 1967:

ML A R N T
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Figure 21 Choroplethic representation of a statistical
surface Compare with Figure 20
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Figure 22 )!nﬂuence of class breaks pn map pattern
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determine the iaterval between breaks located. for
mnstance, at 05 and 15 stgndard deviations above
and below the mean, This type of classification 1s
useful for locating places with extremely high or
low values. but it might also ignore natural breaks

The same distance between points. however. is
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Figure 23

methods of determining class breaks

Number line 1llustrating some different

26

not always equally significant everywhere along the
number line. For example, on a county-unit map
showing the distribution of nonwhites in the
United States. the ten-point difference between five
percent and 15 percent is far more important than
the difference between 55 percent and 65 percent.
Since few counties have this high a proportion of
nonwhites. grouping all counties with percentages
of nonwhites over fifty into a single class results in
no appreciable loss of detai). .

Some class breaks are more inherently meaning-
ful than others For a mag of nonwhite pppulation a
break at 12 5 percent is appropriate since this 1s the
percentage of nonwhites in the national popujston.
Similarly. on a map of population change. t-
age breaks differentiating gains from losses and
modest gains from gains in excess of #f® national
rate of growth- may be more useful to the map
reader than breaks between internally homogeneous

mapping categories (Schnell and Monmonier, ~

1976) The inteffded purpose of the map. therefore,
should be a major determinant of a classification’s
relative merits
" Pattérn and Perception
Classification of areas is. of course. helpful to the
map maker who need employ only six or fewer

" different area shading screens. Choropletfjjc classi-

fication also assiststhe map reader. since it presents
a regionalization of the mapped variable Eor the
reader intgrested primarily in the values for indi-
vidual areal subdivisions. however, a pen plotter
and computer can produce screens with gray tones

34
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anywhere along a continuum from white to black
(Tobler. 1973). This user might be better served: by
an area table in which each unit's numerical value
is printed within its mapped boundaries, since
continual referral to the legend of a continuous-tone

. map would be ndwessary. Of course. choroplethic

o

maps without classes might obviate misinterpreta-
tions resulting from the assumptioén that 8 mapping
category is more homogeneous than it really is.
Furthermore, the reader would be able to compare
differences along boundaries and obtain a more
accurate impressior of whatever cliffs would ap-
pear ‘'on a stepped statistical surface. The reader
would also be able to regionalize visually and to
determine what areas belong to the same region
(Figure 24). .

But is this so? Although a visual regionalization
is certainly possible. the reader might miss impor-
tant aspects of the pattern that the map author

would -want to highlight A well-demgned choro- -

"plethic map with classes would more likely assure
the desired interpretation if-the map author has a
definite message 1n mind Some thématic maps
should be the graphic equivalents of a news bulle-
tin rather than the spatial analogs of a poem, subject
te the whim or moed of the reader The map maker
must determine how broad or narrow the map’s
message 1s to be ‘

Although classification in thoroplethic mapping -

gives the map a_uthqr greater control over the inevi-

table distortion, the author must be aware of the
reader’s limited capacity for deceding graphic in-
formation One constraint is imposed by some read-
ers’ inability to differentiate readily and with con-
sistent results among more than eleven different
gray tones (Jenks.and Knos. 1961:331). Actually, no
more than six categories are recommended. even
though a specialized audience of planners or re-
searchers might be able to cope with a greater
number of classes {Schultz, 1961:225-26). If more
than six categories are contemplated. the author
should reevaluate the map: the theme should proba-
bly be subdivided and presented on two or more
maps : .

An increase in the number of caté§ones usually
increases the complexity of the mapped pattern.
Although complexity cannot be measured ade-
quately by any single index, a complex map might
be described as having 1) a relatively large number
of map regions (contiguous areas assigned to the
same plass). 2) substantial differences in the sizes of
these map regions, and 3) little spatial regulanty
(Monmonier. 1974). The spatial consistency of the
data and the locations of breaks betweeh: class
intervals are other factors influencing complexity
Although httle can bg done to minimize the vana-
ble’s contribution to pattern complexity—aside
from generalizing the data with trend-surface analy-
s1s (Chorley and Haggett. 1965) or some other
spatial filtenng method (Tobler. 1969) before map-

ERIC

IToxt Provided by ERI

Figure 24 A choroplethic map without class intervals for census tracts in Ann Arbor Michigan (left. from Tobler,
1973} The map at the nght 15 a five-clags regionalization of the same distnbution When no class intervals are used. some
of the darker continuous-tone area symbols might be indistinguishable from one another when photographically
reproduced Map at left repnnted by perr»ryssxon from Geographical Analysis

<
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o Moreover. if the map author wants the map reader

LA

¢ bing—imposing some classifications on the data

might adversely fragment a distributiorr when other

sets of class breaks would yield a much simpler
pattern (Figure 25). .

Is compléxity always undesirable? Here purely

geometric complexity must be distinguished from

complexity related to the map reader’s knowledge

of an area. A pattern that might appear highly -

disorganized to map feaders unfamiliar with a re-
gion might be especially meaningful to a more
knowledgeable user who is, for instance. able to
associate high values ‘'with urban centers and low
values with pockets of rural poverty. Thus, a pat-
tern is only-unduly complex when it defies the
redder's attempts to recoginize order_in an assem-
blage of graphic symbols. If a map is readily related
to an accepted geographic regionalization or ‘an-
other known spatial distribution, it is not too com-
plex despite #s possible high degree of geometric
complexity. When the map reader .is unable to
relate the map’'s pattern to either a preexisting
conception of the area or to some geometnc frame-
work. such as a plane sloping to the southeast or a
distorted dome around some urban center. the
map’s complexity might. then be too great. Even
here. howevér, the author might intend for the map
“to demonstrate the absence’ of a recagnizable geo-
graphic pattern. and in' this case a high level of
complexity is justified. When some meaning could
be decoded from a map if its pattdn were simpli-
fied by choosing another set of class breaks. how-
ever, the reader’s. recognition time or likelihood of
correct interpretation may be decreased. This ad-
verse effect of complexity on map comparison
{Muehrcke, 1973) might reasonably be extended to
situations where one‘of the two images is in the
reader's mind, rather than on a sheet of paper
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Figure 25. Fragmented and simple patterns pvoduwdAby
different classifications of the same data

to retain a clear mental impression of a distribution,
a simplified pattern would be preferred (Arnheim,
1976:9). .

One method for reducing complexity is trial-and-

" ermor experimentation with different mapping cate-

gories. These actions of the cagographer, however,
are generable behavior, which can be decomposed
into a finite number of discrete steps and simulated
.on a digifal computer (Mqnmonier, 1976b). Rather
than attempting to follow precisely the steps a
diligent cartographer might take in reducing un-
wanted complexity, the computer can be given a
program not unlike those used by geographers and .
planners to determine optimum locations for serv-
“ice facilities, such as health clinics and industrial
warehouses (Monmonier, 1973a). These algorithms
(step-by-step procedures for problem-solving) at-
tempt to locate eenters—or in the case of mapping, -
class breaks—by optimizing the value of an objec-
tive function. In statistical mapping an objective
function to be minimized would be some measure,
or combination of measures, 6f pattern complexity
(Monmonier. 1974: Muller, 1975a and b). Experi-
ments have indicated that map readers are gble to
judge relative map complexity measured in 4 vari-
ety of ways (Olson, 1975a; Muller, 1976)¢thereby
\{alida&':]g the use of thes¢ measures in an objective
function. As with .other 'optimization techniques.
algorithms for selecting class intervals also impose
- mandatory or artificial constraints that obviate the
consideration of inappropriate solutions, such . as
overlapping and empty classes or classes with too
few areal units. Optimization algorithms have been
developed to reduce the fragmentation of map pat-~
terns (Monmonier. 1972a) and to maximize visual
association ' either with another map (Monmonier.
1975) or with a known regionalization (Monmonier,
1976a).

Trade-offs usual]y exist between accuracy and
simplicity: normally a map cannot be made less
complex without sacrificing withir-class homo-
geneity Thus, optimization algorithms designed to
reduce complexity must be used with probity so
that a desired pettern not really present in the data
is not unjustifiably imposed. For some geographic
distributions the improper use of optimi2ation tech-
niques might lead to a deliberate graphic falsehood.
Yet nature tends to be orderly, and the data value
for a place tends to resemble those of neighboring
areal units more than it. approximates .values at
more remote locations. is phenomenon, called
spatial autocorrelation. gives many map patterns an
inherent simplicity—a simplicity that can attain its
optimum graphic expression if aggappropriate com-
puter algorithm is invoked. Moreover. when nature ¢

1s complex or when an attempt is made to impose %

an unrealistic pattern on a map. the algorithm can
be defeated easily by the data Furthermore. should
doubt exist about tha classification error induced by
forcing a simplified pattern. the accuracy of thé
simplified map can be compared with that of the
" -
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map for the same data but with the least possible

error in its categories. In fact, the first widely
publicized use of an optimization method for cho-
roplethic mapping was the algorithm developed by
Jenks and Caspall '(1971) to find the class breaks
with the most internally homogeneous categories.
Further development of cartographi¢ optimization
techniques is likely to involve subject-testing in
finding objective functions more directly related to
what the reader sees so that. where possible. the
clearest and most effective graphic image is given
the map reader. . '

Cartographic Correlation

As implied in the previous section. choroplethic
maps can be used in paifs to illustrate an agsocia-
tion between two geographic distnibutions Two
variables might then be said to be related if their
mapped patterns are similar If the same areal units
are employed for both maps. the correlation can be
portrayed graphically by either a map or a scatter
diagram (Figure 26). When the correlation 1s strong.
the points plotted on the scatter diagram will ex-
hifjit a well-defined trend The mapped patterns
prbvide a geographic supplement to the scatter

agram and permit the reader to note areas of.

greement and disagreement between the variables

Correlations can also be represented numencally
by a correlation coefficient—an 1ndex that ranges
from 1.0 for a perfect direct correlation, through 0 0
for o correlation. to -1 0 when a perfect inverse
relationship exists Although many coefficients of
correlation have been developed. the most common
measure is Pearson’s product-moment correlation
coefficient This index reflects the direction of the
relationship with 1ts sign—positive if an increase 1n
X produces an incémse for Y and negative if an

' .
increase 1n X results in a decrease for Y. Its absolute
valué measures the strength of the relationship:

-values close to 1.0 or ~1.0 occur if the scatter -of

points can readily be approximated by a straight
line. whereas values close to 00 result when the
points do not suggest any linear trend (Figure 27).
Yet a correlation can be strong without being linear.
In fact, curvilinear relationships are common, par-
ticularly when a vaniable has an absolute lower or
upper limit, such as 0 br 100 percent. Thus reliance
solely on this linear correlation coefficient might
lead to a serious underestimation of the strength of
a curvilinear relationship ’

Estimating the degree of correlation with maps,
scatter diagrams, or correlation coefficients requires-
data appropriate to the researcher’s objective. If the

* goal is to determine the association between health-

care availability and mortality, for example. suitable
measures must be chosen for both phenomena.
Physicians might be selected as an expedient surro-
gate for health care, but other medical prgfession-
als. hospitals and clinics, atd payment plans are
also relevant Medical doctors engaged in research -
or administration_should be omitted since these
physicians have little direct contact with patients.
Moreover. if a map 1s to show the relative availabil-
ity of doctors, the number of physicians should be
adjusted to population size #ize standardization.

"which can also be based on land area. size of labor

force. and other factors relevant tp a mapped djstn-

bution. 1s usually necessary since areas, with Iarger'

‘populations. more farmland, or larger numbers of

jobs will have higher values for many vanables
solely because of these aspects of size As a result.
the adjusted mapped patterns will generally be

different from patterns produced without size ad- *
justment (Jenks. 1976} Furthermore. if one variable *

- , _
*

VARIABLE X
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VARIABLE Y+

T pree A e ‘an wliemier  af'

Figure 26 Pawred maps and a scatter diagram represen®ng the correlation betv(een variables X and Y Note that
vanation n the size of the areal units produees an invalid visual association between X and Y
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is adjusted for size differences, the other variable
should also be converted to a measure, e.g. ratio or
‘median, 'independent of the areal units’ extent or
population.

In the case of mortality, size adjustment might
also reflect geographic differences in age structyre.
Places with greater proportions of elderly are more
likely to have higher ratios of deaths to population.

hus demographic standardization, whereby an

ea’s actual number of deaths is adjusted to the
number of deaths expected from the national death
rate and differences between the area and the nation
i e, race and-sex composition, is desirable (Arm-

" stropg, 1969). Even this correction might be inade- '

quate to assure reliable data, since the boundaries of
the areal units might have little relevance—nothing
prevents people from seeking health care outside
their county of residence!

Another source of ;l)?noise might be the year or
1 populations can exhibit”

years considered: s
substantial fluctuations in their death rates from
year to year. These temporal variations might be
stabilized if rates are a eraged over a longer period
of time.

The map reader’ ablhty to estimate reliably the
level of associatién is another limitation of carto-
graphic tion. The likelihood of an incorrect
interpretation is particularly high when the areal
subdivisions of a region vary greatly in botl?land
area and the areas their symbols occupy on the
maps. As an illustration. it is possible for a state to
have 15 counties. most of which are clustered in’
one corner of the state (Figure 26). While interpret-
ing the association between two variables. the
reader might tead to ignore these "smaller areal
" units and concentrate instead on ‘trends presemt
among the larger. more visible counties. Because
these larger areas. as in the American West, might
be sparsely populated. their trends could be sub-
stantially unrepreseptative of those for most of the
region's population.

The level to which data may be aggregated pre-
sents another problem: different types and degrees
of:-spatial association can emerge if one maps a
particular phenomenon ih a state and uses counties
rather than the minor civil divisions within these
counties (Figure 28). This effect is likely to be more
prominent when the mapped phenomena are not
uniformly distributed throughout the larger areal
units. As an example, consider two variables, only
onedf which yields a similar map for both counties
and their minor civil divisions (the three céntral
divisions). Let the values far the other variable, say,
the proportion of the population in a particular
demographic group. be rates that must naturally be
recomputed when the smaller minor civil divisions
are aggregated upward into larger mapping units
(Figure 28). If some of the larger units have a single,
relatively populous subdivision substantially differ-
- ent from their county’s other areal constituents. the '
appearance of this less uniform variable and the

\]
|
X —e . ‘ X — l
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‘Figure 27 Scaneﬁl dsagrams 1llustrating different corre- |
lations . )

resulting visual assessment of the correlation mlght

be radically affected by the level of aggregation' >

{Figure 29). ‘
This influence of aggregation. also evident in the . -

scatter diagrams and coefficients of_correlation for

the two variables, is usually not this great. Never- -

theless. the risk of spurious correlations pervades

much geographic research. One might prevént inac-

- curate conclukions by mentioning the specific areal

units used inva statement of findings. Thus, “the
unemployment rate varies inversely with the per- -
centage of persons with a college education”

- should be followed immediately with the qualifica-

tion, “at the county-unit level of aggregation.” This
type of tempered statement also clearly distin-

- guishes an ecological correlation, based on areal

aggregates, from an individual correlation obtained
by using individual persons, farms. or industrial-
plants as the fundamental data units. In no event
should a relationship obtained for areally aggre-
gated data—even ‘if the basic data unit is the city
block—be applied to individuals’ The unqualified
declaration that *college-educated people have a
lower rate of #nemployment,” if based on an analy--
sis of choroplethic maps, would be a prime éxample
of the ecological fallacy (Robinson, 1950). ;o
Although _the pitfalls of ecological correlation i
apply to both maps and correlation coefficients, a
quantitative measure of association is an important,. |
supplement to a pair of maps from which the map |
reader is required to estimate the strength and trend ‘
of a relationship. The class intervals used with
choroplethic maps confound evén rhore the reader’s ;
1
)
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task of obtaining an accurate impression of & corre-

lation since not one. but two classifications are
involved; either or both maps can now contribute to
a misinterpretation. Moreover, if asked to estimate
the relative correlations among more than a single

pair of maps, the reader might be unable even to '

rank the relationships correctly if the correlations
are similar in magnitude. Studies of users’ abilities
in judging the relative correlations between differ-
‘ent pairs of maps alsovsuggest that where the
‘torrelation is only moderate, errors are more, fre-

quent (Muehrcke, 1969:45-70). Furthermore. highly -

complex patterns are likely to thwart the reader’s

judgment still further. Everr where different types of

..

. numerical supplement to the visualized

e .

~< e

areal units are involved._éfmpling estimated values
from both maps to provide a com
and calculating a correlation ¢oefficient from this
sample can provide the map reader with a useful
iation.

_Begause of the difficulty in estimating the magmi-
t of a correlation with maps, and also because
the correlation coefficient is a convenient and nec-

Eary supplement to cartographic carrelation when
a significant correlation exists, the map should be
assifned a more appropriate, purely visual role in

~ demonstrating graphieally the association between

-

"two variables. Here again optimization algorithms

can be of use when the correlation is great enough
- . \
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to warrant graphic presentation, because objective
functions. can be defined to maximize+the visual
correspondence between maps {(Monmonier, 1976a).
Although the range of visual associations that dif-
ferent class breaks can preduce for any one correla-
tion can be great, the reader. where appropriate. can
be provided with the strongest possible phic
representation of the association. Furthtermor®, in
the interest of integrity, an optimization algorithm
mught also be used to yield the worst possible
cartographic correlatioa.d hese best and worst ex-
amples might then be juxtaposed so that the reader
can judge the validity of the author's findings
"(Figure 30)! But the combination of the best-case
pair of maps and the correlation coefficient should
be both adequate and effective.

Information Overkill .

Associations oftefi involve more than two varia-
bles. Although three or more maps can be placed
within the same frame to facilitate comparison, the
eye must jump from map to map much more fre-
quently than .whe? only one pair of variables is
compared. This problem has led some map authors
to superimpose several distributions onto the same
map. This kind of solution, however, can present
tore problems than it solves because the reader is
now asked to interpret a complex legend and differ-
entiate among a larger than average number of area
symbogls (Figure 31). Despite their unguestioned
utiligy ¥or information storage. these multjple-varia-
ble maps are too complex for ready information-
retrieval. i N )

A simpler answer—for the map reader, at least—
is to recognize that multiple themes are present and
to produce more than a single map. In fact, each
area symbol used on the multiple-variable map can
be the subject of a separate portionyof the author’s
written ‘text or oral presentation 1Ea’Eh of these
. subthemes. involving places that are similar for all

variables considered. car be shown on a separate
map that can be placed closer to the relevant pa of
the manuscript of appear on the screen only whén
these particular areas are being discussed (Schnell
- and Menmonier. 1976) . Furthermore, a legend is no
longer needed since the characteristics of the places
highlighted by theynap can be explained in the title
or captiof (Figure 32). Thus all peripheral material
is removed, at least temporanly. from the reader’s
attention. Moreover, the much simpler area symbols
now required permit the reader to examine internal
. boundaries with less distraction and thereby abtain
“a more thorough Yrpression of the places’ loca-
ns. .
he .map, of course, must be suited to the task
required of its reader. If it is necessary for.the reader
to know that Type A states are usually adjacent to
Type D states, this phenomenon should be pre-
sented as g separatg theme on a single map. unclut.’
tered by other significant aspects of the distribu-
tion.
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' Chbroplethic maps_are not sacred .(’:ows and the

. needs of the readet should not be subservient to the *
- whim or workload of the cartographer. For some”

applications, dasymetric maps, which- refide the
- existing choroplethic boundaries, can give a ore
accurate picture that recognizes nonhomogeneous
.renumeration districts (Wright, 1936). If the required
supplementary data are available, & dot map might

also provide a more refined representation of the

‘same distribution (Dahlberg 1967). An isoplethic
‘map can be drawn by assigning the’values for the
areal units to their center points and then interpo-
lating lines of equal value, such as contours, to give
the distribution a smbothed appearance not encum-
bered by any internal"boundaries {Mackay, 1951).
Isoplethic maps emphasize gradients, but if the map

> L4

L ’
is intended to hlghhght only differences between
adjacent areal units, a regionaljzation displayed.
without area shading but stressing the significahce
of certain internal boundaries might be appropriate

. {(Monmonier, 1973b). When the reader’s attention is
- to be focused on enly broad regional trends, spatial

filtering can eliminate unpecessary visual fioise and

- thereby enhance the important aspects of the distri-

bution (Muehrcke, 1972%16-19). Generalization to
facjlitate trend detection might even involve map-*
ping the distribution as a network of arrows linking
chains of places with progressively higher data
values (Monmonier, 1972b). The cartographic tech-
nique employed should always attempt to tmnilmze
d g eryor.
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V. PURPOSE AND | DISTORTION

- -

The previous chapter addressed some aspects of
the use-of maps for communicating the results of

research. Geographic research. however, is merely |

one of a large number of different purposes for
which maps are employed. Most map users, in fact,
are exposed more frequegtly to maps with nonaca-
demic objectives. This Chapter discusses several
diverse applications of maps by commercial and
government organizations and by private individu-
als working outside academia’ The examples pre-
sented here are intended both to indicate the nu-
merous goals that might be served by maps apd to
illustrate that, whatever the aim. the map must be
adapted specnﬁcally for a well-defined and feasible
objective.

- Route Planning and Route Following

Adults in a modern, mechanized. and mobile
society, even if they have an excellent so-called

sense of direction, find it difficult to travel im<

unfamiliar places without maps. Motorists use
maps both'to plan and to follow routes. Users of
public transportation also employ maps to deter-
mine suitable carriers. to locate particular schedules
in a timetable, and to plan transfers from one ier
to another. Even taxi passengers. who mertely in-

form the driver of their desired destinations, con- -

sult maps in some cities. such as Washington, DC .
where fares are based not on mileage. but on the

.- number of zone boundaries crossed Of all possible
-types of maps, highway and street maps are used
more frequently. more interfsively. and with more
frustration than other varieties.

Road maps,.as a class. have two distinctly differ-
ent purposes—route planmng and route following
In order to plan a route a map reader need have
only an up:to-date map or maps covering with

. adequate detail the area between origin and desti-
nation. Whether or not a map has sufficient infor-
mation depends on the purpose of the trip. the
specific needs of the traveler. and the route itself If
sightseeing is intended. the locations of historic
landmarks. touris} attractions, parks. and similar
features must be included. If the dniver 1s towing a
camper. camp graunds should be shown. If the trip
is for business rather than pleasure. motorists wel-
come data comparing the driving times along dif-
ferent routge. When the route includes delays or
detours
tion, advagce knowledge of these conditions 1s
useful. Many road maps are obsolete. and many
motorists prefer to have their routes planned by
automobile clubs with access to the most recent

.

use of maintenance or new construc- '
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maps aﬁd data on road conditions.

Maps adequate for route planning are often defi-
cient for toute. followmg -Here the map reader is
using the map “Under an entirely different set of
circumstances- than when planning the route at
leisure. Routes are often followed in heavy traffic at
high speeds in cars with discontented children,
spouses, and pets, some of whom invariably have
empty stomachs. full bladders or both. As indi-
cated by the fuel gauge. the vehicle might be"

hungry as well. Worse yet.its tooling system might
be relieving'ﬁe’ﬂ%?team from an overheated

engine. Nonetheless, the driver must concentrate on
traffic and,on highway signs and signals. and must
also decide whether to turn left onto 17-K or right
onto 17-M. It might or might not be safe to’pull off
the road. stop. and reexamine the map. and it is
often tempting to take a quick glance at the map td
clanfy the route.

These hazards of in-transit map reading might be
alleviated. in'part, by a road map that does not need
to be unfolded. reversed. and oriented. A practical
solution. albeit one that cannot eliminate emotional
stress or correct poor driving habits, is provided by
the American Automobie Association's Triptik, a .
unique form of road atlas “prepared expressly for
you.". Maps covering the entire length of the jour-
ney are bound into éne or more books with plastic
fasteners -so that the pages can easily be flipped
over at the top (Figure ¥3). Individual maps, cover-
ing approximately 75 to 125 miles of the route

along major highways between important cities or

junctions, are arranged in sequence. These strip
m‘i longer than the average W but far less
ky than an ordinary road atlas."include only the
pnmary roads between the two end poifits, in -
addition to important highways crossing the routes.
Symbols indicate the. locations of gaso\;ne stations,
restaurants, “approved”’ motels and hotéls. camp-
sites. and places of potential interest to tourists.
Mileage from each end pdint to significant interme-
diate points is given in the left- and right-hmend
margins. The map itself also shows mileages be-
tween inteschanges and major intersections. Infor-
mation not needed for route following is omitted
and supplementary remarks about construction
projects and areas of strict enforoement is rubber-
stamped onto the maps where.needed. If,a motorist .
decides upon a side trip en mpute, heﬁ# she need
only turn.over the strip map to find a centerfold
map of a circular area surrounding the strip. These
centerfolds. taken from a standard highway map
and printed at a somewhat smaller scale than' the
strip map, contain extra detgils. When the strip map
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'.Figure 33  Format of a leaf in a Tnptik prepared by the American.Automobile Association

~is flipped upward, the driver finds on the back of
the leaf one or more outline maps of medium-size
_and ¥mall cities in addition to a brief verbal de-
* scription of these and other places of interest
Special pages with the same general format as the
ﬁ;? map are included for recreation , routes
ugh major cities. and approaches to la)ge met-
\;apoh'tan areas. The Triptik 1s an excellent gxample
"bf maps designed for a specific purpose—{pllowing

: a route for a particular journey .~

% Triptik maps attempt_to meet route-following _
. . qeeds by providing only those details'most likely to
* " be required by the driver. Road maps in general can

prasent “difficultiés when they contain either too

. little 8r too much ififormation (Mornson. 1966) The
L, e effective‘presentat'*on of detail is. in part, a function
of map scale. As a recent economy measure. oil

co ¢ providing road maps are now using

" smaller scales. thus ing their maps less a serv-
 ice to the driver than they ond#® were. The of
*  these scales might give some driver{ eye-
strain ey attempt to follow a thin blue

gartographic recession is_a poor response to eco-
tomic inflation since, for many areas. road maps
\ need even larger scales than they ohce had Com-
plex interchanges.between limited-access highways,
symbolized with squares or diamonds cannot sug-
gest the decisions a, motorist must make when
confronted with bifurcating on® and off-ramps lead-
ing to several mgjor roads and numergus city streets

ne .
wandering among a multitude of place names. This -

_as well. These symbols sometimes imply that the
driver has a choice. when this is not the case. An
example is the interchange of In tes 81 and 6080
in Syracuse, NeW\York (Figure 34). Even the inset
maps for the city shggest that a motorist eastbound
on [-690 turn north onto 1-81 without leading
the exp ay system. This transfer 1s impossible.
as is a direct exit from 1-81 southbound onto 1-690
westbound. The confusion. agitation. and possible
traffic hazards resulting from this and similar map
portrayals argue for the use of larger scales and
symbols that cal,! attention to impossible routings.

Some problems of route following, of course, are
beyond the capacity of the map. Very complex
interchanges, for instance, cannot readily be inter-
preted by the map reader if represented by equally
~complex mapped patterns.. Highway signs. another

- important type of symbols, can be used to alert the
motorists to potential dangers and to enable them to
mainfaip their intended routes. In this case. the
scale \is 1:1" and the  map is reality rather than a
reduced representation of the Earth. Prominent
signs are needed. nonetheless, in this full-scale

_ environment The locating of these signs might be
made more effective if there were closer coopera-
tion between highway engineers and map makers.

City street maps constitute another class of road

-map Their scale is larger and they are sometimes

accompanied by a street guide that indexes both

. streets and blocks. Since these maps intend to

provide much more complete locational informa-*
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Figure 34 Intersection of Interstates 81 and 690 in Syracuse New York. Sourte New York State Department of
\_r Transportation. 1 24.000 Syracuse West Quadrangle 1973 (left] copied with permission Map at nght 1s generalized from

aty insets on highway maps produced by seseral different publishers \/’

tion, they must.not be as generalized as highway Therefore. dnivers of emergency vehicles are re-

maps. Even though the design of a street map 1s, as quired to know their area first-hand. not its map* ]
a result, less demanding. many street maps are Whereas street maps require mcludmg all streets

inadequate because readers are not provided with within the area. mapped. special purpose maps may
important landmarks. such as monuments. corner show only selected streets Furthermore. if distance
properties, stores. and shopping centers. ¢hat are relationships are not particularly important to the
frequently used when directions and locations are goal of the map. as in the case of public transporta-
tommunicated verbally Moreover. some office tion es, a schematic representation of only rele-
buildings and shopping plazas that are used as vam;ﬁmﬂ not only suffice but also be desirable -
addresses by the Postal Service and the Yellow since greater detail can be shown where needed
- Pages cannot be located on the map' The mental or |,  Schematic maps of bus routes, therefore, require
cognitive sketch maps (Lynch. 1960 ®owns and only those streets along the route, although impor-
Stea. 1973: Wood. 1973. Gould and White. 4974} of, tant- cross ts and lapdmarks give the traveler a
persons newly acquainted with an areg’ might be useful geographic of reference (Figure 36)
used by map makers to determine vxha( landscape Relatively lgng ons of the route along the same
features would be most helpful as \;sual cues to street can even be abridged, thereby allowing addi-
prospective users of a street map tional space for route numbers and more complex
-Another difficulty-sometimes arises when map parts of the route At a time when the public 1s
publishers obtaia their information about the street being encouraged to make greater use of public

network from the city engineer’s office and do not trangport. 1t should not be unreasonable to assume
bother to field-check their data Engineering maps that the user 1s already familiar with the streets in
are intended to show rights-of-way and occasion- the vicinity The average transit patron needs only
ally include paper streets—roads’ planned. but to know where the bus line is—the 1ndividual stops
never built On a street map. however, paper streets®  are often indicated by roadside signs—and which

misleading (Figure 35) The appearance of paper to railroad and airline passengers who are inter-
streets on maps sol to the public points out. ested 1n the sequence of stations or direct connec-
nevertheless, that a map designed for one purpose tions rather than 1n other characteristics of a route
should fiot be used for anofther without a careful Scale distortion on schematic maps is consistent
examination of its relevance to the second objective ©~  with their purpose and increases their effectiveness

are seldom more than. curiosities. and can be quite ‘ route goes where. This rationale is also applicable
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map (nghtl. the ment within the :nner border s 3

Maps for Data Processing

In the same way that highwas ‘and street maps for
planning and following routes require a design gnd
content suited to their human users needs.ome
maps of eity street networks demand mfggrhatton
and a format tailored to the requirements of a
mechanicals, - puler Cagnputer-ort-
ented m%%ﬁ“%ﬁ&mus to
describe the geographic arrangement of street ad-

dresses. census blocks. and census tracts The data”
from individual census questionnaires returned by

.mail to the Bureau must be accuthulated for blocks

tracts. and larger areas in comp:ling summary re-

nial) Census of Population and Housing The com-
puter, linked to a system called FOSDIC (for Film
Optical Scanning Device for Input to Computersj 1s
able.to read the circles blacked-in by the respondent

_and to record the results on magnetic tape for.
" Turther processing. Because the computer also pre-

pares counts for geographic units_ it needs an-easily
read map containing both street addresses and area
codes. Although optical scanners can read filled-in
circles on the returned questionnaires. the map 1s
more useful to the computer if it 1s already in
machine-readable form op magnetic tape and if
geographic information 1s coded with computer
processing as the map’s primary goal

This map. called a geographic base file 1s rooted

Example of 3 paper sireet Note Cumberland A3

enue running north-south at the center of the city planning
from the map the state prepared from aenal photographs
Source: New York State Department of Transportation 1 24 000 Svracuse East Quadrangle. 1973 {left: and Syracuse and
Onondaga County Planning Agency 112 000 map s‘iw.;e New York 1968. copied with permission

f . » i .
in the Bureau's subdivisions of urban areas. The
most frequently used subunits are the census tract.
a relatively homogeneous area containing an aver-

" age of 4.000 people. and the block {Figure 37}

ports for the decemnial (and eventually the quinten- -

Tabulations are published for both of these small
areal units Each block belongs .to a tract and is
bounded by street segments or other lynear features.
such as streanis. railroads. and political boundeties
Each street segment is bounded by two intersec-
tions and exgept for some short. dead-end streets.
separates one block from another Between theAwo
intersections the street has a range of odd- and
even-numbered addresses which. in the tabulation=
process. must be related to the appropnate block
and tract numbers These linkages among blocks
and address ranges are the essential data for an.
Address Coding Guide If however the geographic
base file 1s also to be used for computerized map-
ping. geographic coordinates can be™s@pplied for
the intersections
The basic elements of the file are intersections.
str@et segments (or portions of other linear features].
and blocks (Figure 38) Their structure can be
described by a linear graph of nodes. edges. and
circuits (chains of edges surrounding an area)
These elements of a graph have 0. 1. and 2 dimen-
sions respectively. and are also called O-cells. 1-
cells and 2-cells A cell with n dimensions is
bounged by other cells with n - 1 dimensions For
example. two points. each with 0 dimensions be-
2 '

46 .

-

-

¢




N "

A\ . D e "

.

CENSUS TRACT

§§ 2| = |-\ = ~

?gxg :; :.n -\ e J e ﬁ
: ' ol B

= ] ] o ! {

§ - BLOCK

"..lil. . »,

3RD
-
o
»

- :":,’ ‘..." \ . . / (L
5, 4
NS4 PEAR ST. \
v, :

‘e

N, .
] @ / O eno oF ROUTE y

Figure 36. A schematic bus-route map Source Central
New York Transportation Authonty. 1976. Liverpool-
Wetzel RA. schedule: copied with permission. —

() ) =,

7 39 47

SYRAL U me AR e L Rk il

/F:gure 37 Census subdivisions of an usbenized area.
- ) -




BLOCK -

3R0

— -b
o
o

-
e

GRAPH
NODE -
-CIRCUIT
EDGE : S
CELLS
0 1 10 .
1 2 1
0 1 0

Figure 38 A census block as a lhinear graph and an
assemblage of O-cells, 1-cells. and 2-cells

“cause they have no length or area, delimit a line
segment which has only 1 dimension. its length

Similarly, 2-cells are bounded by 1-cells. Further-

more, cells of n + 1 di ions are said to cobound
a cell of n dimensions, when, for example two
adjacent 2-cells cobound the 1-cell between them
{Corbett, 1975).

Since each boundary segment around a block can
be identified by the nodes that bound it and also by
the cobounding blocks-to its left and right, a file

P

- /
structured on the basis of these linkages is called
dual independent, and the Census Bureau's geo-
graphic base file is qamedDIME for Dual Independ-
ent Map Encoding (U.S. Bureau of the Census,
1970:5-7). A DIME record (separate entry in the file)
represents an individual segment of a street or other
linear feature and includes the segment’s name or
description, the numbers of the nodes bounding the
segment, and the codes of the cobounding blocks
(Figure 39). Moreover, the left and right street
address ranges, census tract codes, and codes for
other types of administrative arees are usually ‘in-
¢luded. Thug, the file contains all the information
-needed to determine which street segmént and
which block include a specific address. )
Given this information, 8 computer can not only
"associate street segments with blocks but also scan
the file to deterniine 1} those blocks bourntded by a
larger circuit of linked street segments or 2) those
blocks along a route betwsen two distant nodes.
Fufthermore, hlock codes can be matched with the
census counts for individual blocks, and as a result,
census datasCap be reaggregated for irregularly-
shaped school districts as an aid in evaluating
court-ordered gdesegregation. plans, and persons eas-

_ily can be assigned to nearby fallout shelters with

lm:uted capacities. This latter application uses the
eographic coordinates supplied for the nodes to
calculatethelengthsofdl erent street segments.
Since DIME is also an.Address Coding Guide,’
employees' addresses can be matched to facilitste
carpooling. DIME'# ability 1o link addresses with
census data and cpdes for other administrative
regions has numerous uses in transportation plan- )
ning. health-care-facility location studies, and ‘the
analysis of traffic accident locations, to name a few
less apocalyptic pasjects that have been undertaken
(U.S. Bureau of the Census, 1973:29-37}. This ma*®
chine-readable map, in addition to assisting auto-
mated spatial analysis without the use of printed
maps. can also be used for computer-produced
mapsbasedonoe us data or phenomena recorded
by street address. such as crimes. accidents, births,
and the locations of hospital patients (U.S. Bureau
of the Census. 1969) Eventually, computer-oriented
map files covering larger areas might even be em-
ployed in the automated production of Triptiks and
. other personalized maps and atlases! The continued
development, updsting, ang distribution of DIME
and other geographic bese files should enable plan-
pers, map makers, and researchers in general to take
even fuller advantage of the computet's speed and
accuracy. :
Advocacy, Research, and Mapping
“Most maps are inlended fgr humans, not com-
puters, Although meaps prepared to communicate
the results of research are usually concerned with
increasing the reeder’s understanding of a topic,

researchers sometimes want to spur at least a frac-
tion of their audience 'to more direct action. Force-
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Figure 39 Representation of a DIME record

ful maps. like compelling wnting. can play a vital
‘role in convincing an apathetic public that a prob-
lem exists and that 2 society #hd—its government
must act. .
Since health. as a major component of human
well-being, has a spatial dimension. 1t is not sur-
prising that advocates of change have used maps to
- identify for themselves and others important rela-
tionships between illness and geography In-1848.
for example. Dr. John Snow. a general practitioner
in London, was concerned about a major outbreak
of cholera. He mapped the residences of victims
and noticed that their homes clustered around a
pump to which they walked for drinking water His
map of the area around the Broad Street Pump
[(Figure 40) was important in medicine’s under-
standing of the waterborne transmission of cholera
Snow removed the pump’s handle and soon there-
after new cases of the disease ceased (Stamp.
1964:15-16). .
- Although Snow was able to act directly by re-,
moving the pump handle, in modern.society com-
plex technology and.an equally complicated politi-
cal-economic structure have produced intricate
problems and- bureaucratic buffers. Inferences and
theories believed to be solutions cannot be tested
easily by individual initiative, and often appeals
must be made to influential groups of scientists and
public leaders. An example is Sternglass’s, thesis
that radioactivity from nuclear weapons testing
and, more recently. nuclear reactors and fuel proc-
essing - plants, contributes to infant mortality

, a professar of radiation physics at thé

University of Pittsburgh, was aware that even small
doses of strontium 90 can cause genetic damage in
animals. He also knew that around 1950 there was
an inexplicable departure fyom the continuing de-
cline in the infant mortalify rates of the United

-

IToxt Provided by ERI

41

States and other developed nations—an established
downward trend that began as far back as 1900. The
interruption of this trend coincided with increased
atmospheric testing by the United States and the
Soviet Union, but the downward trend resumed
“after these nations halted nuclear testing in the
atmosphere! $ternglass (1969) documented his ar-
guments with graphs of mortality plotted against
time When the trend for actual infant desth rates

Figure 40 John Snow's map of cholera desths in the
vianity of London's Broad Street Pump (from Stamp.
1964 16) Repnnted by permission of The Athlone Press
of the University of London.




was compared with that for rates extrapolated from
trenids for years prior to 1945, the vertical differ-
ences between the two lines provided a measure of
excess infant mortality: Although critics questioned
Sternglass about his extrapolation methods, his
maps showing the geographic distribution of excess
infant mortality present a forceful argument. One
set of maps shows the association between excess
mortality and an atomic test site in New Mexico
(Figure 41). Although no discernible geographic
trend was evident for 1946, one yeer after the test,
by 1950 excess infant mortality was concentrated in
a belt east of the tegt site in the direction of
movement of the prevailing westerlies and the ra-
dioactive cloud. He attributed an anomaly in North
m the high level of strontium 90 in milk
sold . Sternglass has also prepared maps relat-
ing excess infant mortality to the locations of nu-
- clear energy plants—ap association that has gener-
" ated a heated, and as yetunresolved. controversy
Geographers have also been interested in threats
posed by technology and have used maps in pre-
senting cases against tife pollution of the physical
and social environments. Their understanding of
cartographic communication’s ‘potential has led to
maps as radical as their own ideas and life-styles-
An excellent examplg is Wilham Bunge's “'base
map for survival.” which directs the reader’s atten-
‘tion specifically to the distribution of the world's
children (Figure 42) Bunge (1973) was deeply con-
cerned with the possible extinction of mankind by
*machinekind” and thought that people. not prop-
erty or territory. should be emphasized on a world
map His assertion that this 1s the base mag that
should be taught in the classroom is a clear recogni-
tion that people's atlitudes are influenced by
impressions of mln’y received from maps.

Maps and Advertising

A less idealistic advocacy has an important place
in the economy. where vendors compete with each

.produce ma

other for the public’s attention. Although this might
seem an invidious comparisop, maps used by advo-
cates of business in their advertisemenits surpass in
number and effectiveness the maps of advocates of
social change. Graphic artists employed by adver-
tising agencies and their often elaborate studios
sthat attempt to convince consumers
of the ‘merits of particular products or services.
Colgr printing is used effectively. but, except per-
haps for placemats touting a restaurant chain’s
numerous locations—and the possibility of a profit-
able franchise in your own town—innovative de-
signs are needed to attract the interest of sated
readers bombarded ,with a wide variety of visual
stimuli by advetisers in major popular periodicals.
“Creativity” has become a principal objective of
advertising; hard sell and the straightforward pro-
viding of information are no longer adequate. The
result, 'for mapping, has been the development of
many ideas that might be borrowed by researchers
concerned with the more effective selling of their
findings and theories. ’
Not all maps used-in advertisements, of course,
are attention-getters. nor, are they necessarily useful.
The ordinary how-to-get-there map. does convey
useful information but usually excites little interest.
As in published research, many advertising maps
are employed peripherally as window .dressing,
drawing Ifttie attention to advertiser's message,
passibly contributing an impression of accuracy or
importance. and usually serving as convznient *fill-
ers "' Other advertising maps, however, are mean-
ingful distortions of space consistent with and en-
bancing the seller's message. Continental Airlines,
as an example, uses 3 map in the center of an
advertisement, directly below the message “We've
got connections™ in bold type. Their map not only
shows the cities they serve in Hawaii and the
continental United States but also shows Hawaii, at
an enlarged scale for greater emphasis. much closer
to the mainland than it would otherwise appear
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Figure 41 Sternglass's maps of the association between excess infant mortality and a New Mexico atomic test site {from

Sternglass. 1969) Numbers are perceritage changes in infant mortality rates relative to rates obtained by projecting
forward trends for 1940 to 1945 Reprinted by permission of the Bulletin of the Atomic Scientists .

50 | ‘_ .



T 1
s L |
s i
\ - ]
; /
A H H
\ ‘ /

0 e
b\\
~—
P
c\

)
S0 wyware may

AN

Figure 42. Bunge's map of the islands and continents of
the world's children (from Bunge. 1973]. Reprinted by
permission of the Association of American Geographers

(Figure 43). The map completes the message: Conti-
nental’s connections put you. the passenger from
Lubbock, closer to Hawaii. The shortening of rqute
distances is used effectively by other common car-
riers, particularly those serving resort areas
Numerical] supariority’is another common theme

The chain with the most pizza shops—see them -

all'—must make good pizza. This type of message
can be transmitted more readily and make 3 more
lasting impression, however, if pictorial jsymbols
are used instead of dots. Steinway and 86ns uses a
.map to demonstrate the dominance and superionty
of theit pianos (Figure 44) Its diminutive caption
reads: "“Of the piano soloists schedyled to play with
major U.S. orchestras during the 1975-76 concert
season, the great majority will play the Steinway
piano.” The names of the orchestras suggest. pres-
tige, but the intriguing map'of httle pianos. most of

: L

which are a bolder black representing Steinways,
delivers the messa ' o

Violation of ¢ raphic' tradition "is another
means of making the Wap, the advertisement, and
the message obvious and clear. Marine Midland
Bank wanted to announce that its,regional subsidi-

aries had integrated their operations and- that cus-

tomers could now obtain its services at.any branch
in New York map of “the united state of
Marine Midland” ibes-this \merger in its title
(Figure 45}, but rotating New York so that north is
no longer at the top serves notice that something

new and different has occurred. In applications

outside advertising, maps departing from the ordi- -

pary in projection, symbolization, and_generaliza-

- tiod might be more eye-catching and, as a result,

surmount negative attitudes, of the reader more
effectively than the types of map normally used.

- Information and Misinformation

However striking or authoyitative a map might be,"

the reader must beware of maps that deliberately
distort both reality and the truth. John K. Wright, in
his paper “Map Makers Are Human,” wamed that,
“The trim, precise, and clean-cut appearance that a
well drawn map presents lends it an air of scientific
authenticity that may or may not be deserved -
{1943: 527) As applied to graphs, the same theme is
discussed in Darrell Huff's (1954} readable ‘and 7

humorous little, book How to-Lie with Statistics. ™
" Also concerned with graphs. M. ]. Moroney's Fa

From Figures (1956) presents severa] exa

Most of the English-language papers on_carto-
graphic deception, however, focus upofi the propa-

.ganda value of maps and were written, not surpris-

ingly. during or shortly after World War II. Quam
notes that a map ** .. designed "to produce impres-
sions rather than to reveal information ._. , becomes

3

/
/

Figure 43

Map from Continental Airhines’ advertisement ““We've got connections’ (courtesy Continental Airlines)

201
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inadvertent or deliberate visual distortions of fact. _
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'f-‘jgure 44 Eastern portion of Stemway piano'map (cour-
tesy Steinway and Sons) « ’

a psychological‘ force instead of a scientific tool”
(1943:21). The map’'s power of impression for the
sake of oppression was condensed to a single word,

- *Cartohypnosis.” the title of a paper by S W. Boggs

(1947), a geographer with the U.S Department of
State, who paid particular attention to how the
Nazis used maps for propaganda. This subject is
treated ‘more fully in Hans Speier's-(1941) “Magic
Geogsaphy’” The American press, although its mo-
tives were less sinister /was not above printing what
Ristow (1957:385] t¢rmed ‘‘suggestive’’ maps to
atize military operations by using clamps, pin-

rs, sickles, nets./bomb-burst symbols, and the
ike. Yet, motives aside, we cannot fault many of

* State

p

these maps for their graphically purposeful layouts

and symbolization. -

How do maps serve as propaganda’ Between
1939 and 1941 the German Library of Information
published Facts in Review from its offices in New
York City. This slick weekly occasionally supple-
mented ity text and photographs with maps in
attempts to win support for the Third Reich by

" Figure 45 "'The uhited state of Manne Midland” (90;;:—

pandering to American nationalism. A graphic at-
tempt to persuade Americans tp keep to their own
backyard appeared in the April 10, 1941 issue
\(Figure 46). Here the black ara% on the map repre-
nt “the four principal industrial centers of the
world.” whereas “Food and raw material producing
areas are shaded.” Thesbold boundaries highlight
“spheres of interest’” to suggest that the United
* domain was confined to the Americas. This
is bdt one example of authoritative-seeming bound-
aries used to influence opinion. ’
The military also employed maps as important
elements of cover plans to deceive the énemy before
major battles. During World: War 1, the British
“lost” a canvas bag containing maps and other
documents near Beersheba during & brief exchange
with a Turkish patrol. These documemts convinced
German and Turkish intelligence officers that Al-
lenby’s forces would attack at ‘Gaza irr late Novem-
ber 1917. In late October the British also established
a main camp opposite Gaza to be photographed by

Turkish reconnaissance planes. ‘The British with-

drew most of these troops during the night of

October 30 and. the next morning while the Turks
were shelling the British trenches at Gaza, the main
British forces attacked at Beersheba and prevented
the destruction there of the walls needed for further

. advances by the Desert Mounted Corps (Army
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/

tesy Marine Midland Bank ) . 3 %
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Figure 46 Spheres of influencé on a Naz propaganda
map (from Fucts 1n Rev ew, 10 Apnl 1941) -

I
-

Times, 1963: 76—89) The Allies also _planted deliber-
ately falsified maps during World War 1. but these
deceptlon plans required elaborate supporting evi-
dence in order to dupe Hitler's officers. As with

propasa,nda maps. thelr specxflc influence is often
difficult to assess.

Peliberate errors have also been noted on Sovaet
maps by Ormeling (1974:48-49) who contends that

misrepresentation of the locations of cjties and.

-boundaries as well as the use of erraneous hydro-

graphic data cannot be ascribed to technical error, "~
The Soviets appa,reutly decided -to alter the posi-.”

tions of caastlings, rivers, towns, and railways be-
tween the last printing of their world atlas in 1964

and its second edition in 1967. Distortions have _
been noted in both strategic and nonstrategic areas.
and their map projections have also been inconsist-
ent. 'However, the presumed mili itary value of this

.expensive program of deception is questlonable y

because far more exact geographic infarmation ‘can
be obtained by intelligence-gathering satellites

{(New York Times, 1970). These distortions and

those of propaganda maps cannot usually deceive
an informed reader. Nevertheless, their existence
should serve to w inexperienced readers that
maps can be used gr%eir authors to tell black as
well as white lies.
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"” The theme of this Resorce Paper has been that
maps must distort. Since the term “propaganda”
_ was originally contrived in the seventeerith century

»

to mean “spread the faith.”” many maps. especially -

thematic maps.- are propaganda maps. A map's
fdistortion of reality is evil only when its author's

. purpose is malevolent. In the more common use of

e

. the term, most propaganda maps are quite effective

graphics because their authors knew what they
wanted to say 'and how to say it with maps. Their
symbolization and classification are simple. direct,
and interesting. *

—

VL. CONCI_..UDING REMARKS

Writers, of course, obviously cannot cater to illit-
eratgs. and map authors should not be inhibited
totally unprepared or indolent map readers. A soci-
ety priding itself on the educational opportunities it
offers ought not to ignore its duty to educate people
to want to read both books ‘and maps. Penalties

accrue to the untrained map reader unaware of the"

existence of a potentially useful map. The graphi-
cally inept map user might not only be unable to

+ ferret out needed information, but might also be the

Map authors sincerely interested in effective car- .

- tographic communication need only,a formal

awareness of their message. an appreciation of the
limitations. imposed by the map reader's attitudes

- and visual sensors.’an understanding of the ele-

ments of maps. and the common sense and imtia-

tive to integrate this knowledge A message too -

complex for an average reader might be made more
acceptable if simplified into two or more manage-
able themes. Use of uncomplicated. visually strik-
ing- symbolization might make a blasé reader pause
long enough before turning the page to appreciate
and decode the map Careful choices of data and
projection and the use of graphically lo&l gener-
alization and classification might leadtfje_reader to
the desired interpretation and respg¥se ﬁ?
tional cartographic practices migh# be made to
serve traditional mapping needs
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victim of self-deception by infefring a meaning

wholly unrelated to that intended by the map au-

thor. For a motorist or'soldier the penalty might be
death or injury; for a society with graphically naive

-planners and politicians. the price might be an
economic or aesthetic disaster. Even map readers’

with needs no more sophisticated than route fol.
lowing should be spared-a losf\inngcence. 3
Map use canndt be effortless. Many maps—partic-
ularly general as opposed to thematic maps—can-
not and should not be distilled info useless sheets
of .paper for the graphically lazy. Mapped informa-
tion, like other informatipn, achieves meaning pnly
when the user is bath able and willing to study the
map Although map makers should strive for clas-
ity. their goal should be to inform—not to seduce.
Both map reader and map author have active rather
than passive roles in canod'aphic communication:
both should attempt to understand the communica-
tion process. both must strive to make.it effective.

¢
o C

\
‘s




M

Abler. Ronald. John S.Adams’ andl Peter Gould, 1971,
Spatial Qrganization: The Geographer's View of the
World. New York: Prentice-Hall.

Armitrong. R. W., 1969, "Standardized Class lntervals
and Rate Computation in Statistical Maps of Mortal-
ity.” Annals of the Association of American Geog-
raphers, Vol. 59, pp. 382-390.

Army Times, the Editors of, 1963, The Tangled Web True

Stories of Deceptron in Modern Warfare. Washington.

D.C.: Robert-B. Luce. = -

Amhel . 1976, > The Pergeption of Maps.” The

ogmpher Vol 3,pp. 510 -

h

-
‘

Bah:hln
Carlpgrapher. Vol 3, pp. 33-38.-

+ Blaut. . M and David Stea. 1874. "Mapping at thre Ageof -

Three.” Journal of Geography. Vol. 73 (no. 7}, pp 5-

9. .

Board. C.. 19622 Maps as Models.” 1n Richard J. Chorley .

¢ [eds ). Models in Geography. Lon-

d .Pp.671-725. .

- Moa7, ‘Cartohypnosis.” Scientific Monthly.
Vol. 64, pp. 469-476~ .

Bunge. Willi - 1973, “The Geography of Human
Survival, nnals of the:Assoeiafion of American

Geographers, Vol 63, pp 275-295.

+ Chorley. R. |. and P. Haggett, 1965. “Pfend -Surface Map--

3 ping in phical Research.” Tronisactions and
Papers of the Institute of Britidh Geogmphers No 37.

- pp. 47-
Corbett. lames P "1975. “Topological Principles in Car-
- tography.” paper presented at the. Second’ Interna-

tional Symposium on Automated Cartography. Res-
ton’ Va ., 21.25 September 1975
Cyff. David ] . 1975. "*Statistical Surfaces for Pqpulations
é The Alberta Case.”” Aibertan Geographer Vol 11.pp
- 42-50
‘Dahlberg. Richard E.. 1967, ° Towards the Improvement
of the Dot Map.” International Yearbook of Cartogra-
. phy. Vol. 7, pp. 157- 167
Dent, Borden D., .1975. "Comniunication Aspects of
\’alue—by-Area Cartograms.” The American Cartogra-
pher, Vol. 2. pp 154-168
, 1972a. A Note on the Importance of
. Shape in Cartogram Communication.” Journal of Ge-
- ography, Vol. 71, pp 393-401
: , 1972b. "'Visyal Organization. and
* Thematic Map Communication.”” Annals of the As-
sociation of American Geographers. Vol 62. pp
79-93
Dobson. Michael W., 1975, *Symbol-Subject Matter Rela-
tionships in Themauc ography.” The Canadian
Cartégrapher, Vol. 12. pp*52-87
. Doob, Leonard W., 1947, “The Bghavior of Attitudes,”
. Dllsychologlcal Review, Vol. 54, pp 135-156
- s. Roger M and David Stea, 1973 Image and
Environment. Chicago: Aldine
. Doyle, Frederick [, Ralph Bernstein. Robert B Forrest
and Dieter ,Steiner 1975, Cartoqraphlc Present

JRIC

‘BIBLIOGRAPHY

.. 1976. “Graphicacy,” The Amencan,

of Remote Sensor Data,” in Leonard W Bowden and

Evelyn L. Pruitt (eds ), Manugl of Remote Sensing,

* Vol 1l Falls Church, Va. Amencan Society of Photo- .

. grammetry, pp. 1077-11086.

Flannery, James john, 1971, “The Relatwe Effecuveness
of Some Common Graduated Point Symbols in the
Presentation of Quantitative Data.” The Canodian
Cartographer, Vol. 8, pp. 96-108. .

Forster, F., 1966, “Use of a Deﬂgmphic Base Map for the

) Presentation of Areal Data in Epidemiology.” British
. Journal of entive and Social Medrcme Vol. 20

. (ro 4L pp. 165-171.

Goode, J. Paul. 1925, “The Homolosine Projection: A Nl
Devicé-for Portraying the Earth's Surface Entire.’”
Annals of the Association of American Geographers.,
Vol. 15. pp. 119-125.

Gould, Peter and Rodney Whife. 1974, Mental Maps

. Baltimore Penguin. v

Greénhood. David. 1964. Mapping Chicago. The Univer-

sity of Chicago Press .

- Hodgkiss. A G . 1970, ans for Books and Theses. New
ork: Pica Press.
Huff. Darrell, 1354, How to Lie wrt’: Statistics New York
~W. W Norton.

]enk.s Geaqrge F . 1976, "Contemporary Statistical Maps—
- Evidence of Spatial and Graphic Ignorance™ The
AmericanCartographef, A'ol, 3, pp 11-19.

1967, “The Data Model Concept 1p

cal Mapping.” International Yearbook of Car-

', Vol 7, pp. 186-190.

F. and Fred C Caspall. 1971, “Error on

hic Maps: Definition. Measurement. Reduc-

“ tion,"”” Aninals of the Association of Amencan Geog:
raphers, Vol 61, pp. 2175244

Jenks, George F. and Duane S Knos. 1961. “"The Use of
Shading Patterns 1n Graded Series.” Annals of the
Association of American Geographers, Vol 51, pp

- 316-334 ’ ,

johnson. F. Craig and George' R Klare. 1961, "General
Models of Communication Research: A Survey af the
Developmentgmf a Decade.” Journal of Commumca- .
tion, Vol. 11. pp. 13-26

Jolliffe. R, 1974. "*An Information Theory Approach to
Cartography.” Cartography. Vol. 8, pp 175-181

Kimerling. A.Jon, 1975, A Cartograghic Study of Equal ¢
Value Gray Scales for Use with Screened Gray
Areas.” The Amencan Cartographer Val 2, pp 119-
127 N

Lynch. Kevin. 1960. The Image of the City. Cambnd’
M L T Press

McCleary. George F . 1970. " Be\ond Simple Psychophys-

ics Approaches to the Understandi
( ~  ton,” Proceedings of the American Co
. Surveying and Mapping=30th Annual
+ \Washington. D C . 1-6 March 1970. pp 189-2

Mackay. | Ross. 1951. “Some Problems and Technlques

in Isopleth Mapping..' Economic Gpogm& Vol 27,

PP 19 .




= R TSN

= ’ Maling, D. H., 1973, Coordinate Systems and Mup Projec-
tions. London:, George Philip and Son.

~ Monmonier, NhrkS 1976a, “Modifying Objective Func-
tions and Comstraints for Maximizmg Visual Corre-
spondence of Choroplethic Maps,” The’ Canadian

. ‘Cartographer, Vol. 13, pp. 21-34.

1876b, **Statistical Maps, Algo-

K v rithms, and Generable Behavior,” Progeedings of the

American Congress on Surveying and Mappi 6th

Annual Meeting, Washington, D.C.. 22-28 February

1976, pp. 407-412.

1975, “Class Intervals to Enhance the

Visual Correlation of Cheroplethic Maps,” The Cana-

dian Cartographer, Vol. 12, pp. 161-178.

1974, “'Measures of Pattern Com-

tographer, Vol. 1, pp. 159-169.

1973a, "Analogs Between Class-in-

terval Selection 'and -Lotation-Allocation Models,”

The Canadian Cartographer. Vol. 10. pp. 123-131.

. 1973b, “Maximum-Difference Ba

. riers: An Alternative Numerical Reglonallzatlon
Method,” Geographical Ana]ysns Vol 5. pp
261.

L

. 1972a, ° Oontxgunty-bnased Class-m-
, ;tervaJ'Selection: A Method for Simplifying Patterns
N~ on Statistical Maps.” Geographical Review. Vol. 52,
- pp. 203-228.
1972b, Flow-llnkage Construction
for Spatial Trend R@gmtlon Géogmphxcal Analy-
sis, Vol. 4, pp. 392-
Moroney, M. 3J-, 1956, F&4s From Figures Baltimore-
Pengum .
Morrison, A.. 1966, ° *Principles of Road Classtfication for
Road Maps.” Cartographic Journal. Vol 3.pp 17-30
Morrison, Joel L., 1971, Method-Produced . Error in Isg-
HPE « rithmic Mapgmg Washington. D.C American Con-
gress on Surveying and Mapping. Technical Mono-
graph No. CA-5
Muehn:ke Phllhp Charles. 1974. * Map Reading and
Abuse.” Journa! of Geography, Vol 73 (no 5). pp 11-
23. ’

£ . 1973, "'Visual Pattern Comparison 1n
Map Reading.” Proceedings of the Association of
, American Geographers, Vol 5. pp 190-194
- 1972. Themotic Cartography Wash.
% gton D C.. - Association of AmericZn Geographers,
mmission on College Geography Resource Paper
No: 19. -

b
, 1969, “Visual Pattern Analysis: A
4 . Look at Maps unpublished Ph D dwsertation. Uni-
versity of Mlchlgan .
= Muller.']. C.. 19¥6. "'Visual Associations in Choroplethic
Mapping.” Proceedings of the Association of Amen
can Geographers, Vol. 8, pp. 16D-164
: . 1975a, “Associations in Choropleth
Map Comparison,”” Annals of the Association of
Amencan Geographers. Vol. 65. pp. 403-413.
< 1975b. "Definition. Measuremem,.
and Compenson of Map wchoroplethlc
' Mapping.” Proceedings of iation of Amern-
. can Geographers, Vol. 7, pp. 160-164.
New York Times. 1970, "New Soviet
on,” ]lnulry 18, 1970, Section 1, p. 2.
..~ 1977, ““The Rescaling of Dot Maps,”

Give Distor-

_Olson, Judy M
N _Intdg ?al Yearbook of Cartography. Vol .17,
b . fo M '
P~ L) .

s - \—

.
.
hd .

", Pplexity for Choroplethlc Maps;’ The American Car- .

1976, “Noncontiguous Area Carto-
grams,” The Professional Geographer, Vol. 18, pp.

371-380. .
" Autocorrelation and Visual

. 1975a,

Map Complexity.”” Annals of the Association of

American Geographers, Vol. 65, pp. 189-204.
. 19875b, “Experience and the Im-
+ provement of Carto-

phic Communicatign.”
graphic Journal, , PpP. 94-108. -
Ormeling. F. )., Jr.. 1974, * phic Consequences of
Cartogra-

a Planned Economy—56 Years of Soviet
phy.’* The American Cartographer, Vol. 1, pp. 39-50:
Petchenik. Barbara Bartz, 1974, “A Verbal APprosch to -

Characterizing the Look of Maps,” The American

# Cartographer, Vol. 1, pp. 83-71.
Pierce. john R.. 1961, Symbols, Signals and Noist. New

York: and Row.
Quam. Louis ©’ 3“’BwﬁieofMaplanpasmdn
Journal ol y. Vol. 42 (no. 1), pp. 21-32.

Raisz, Erwin, 1934, ular Statistical Carto-
gram,”’ Geographical Review, Vol. 24.'pp. 292-296.
Richardus; Peter.and Ron K. Adler, 1972, Mdp Projections

1
for Geodesists, Cart rs and’ Geogmphcn. New
York: Na-th-l-lolhnmnn

) Ristow, Walter W., 1957, “Journalistic Cutography Sur: °

veying and Mapping Vol. 17, pp. 369-390.
Robinson, Arthar H. end Barbara Bartz Petchenik, 19786,

.

The Nature of Maps. Chicago and; Londan: The -

University of Chicage Press.
1975. “The Map as 3 Commanication

System,” The Cartographic Journal, Vol. 12. pp. 7-15. °

Robinson, Arthur H. and Randall D. Sale, 1969. Elements
ofCartography 3rd ed. New York: John Wiley and

Robmson W. S, 1950, Ecologlcal"e'nrrelanon and the
Behavior of Individuals,” American Socnolopcal Re
view, Vol. 15, pp. 351-357. .

Schmidt. A."H. and W A. Zafft, 1975, ' Programsofthe
Harvard University Labontory for Computer Graph-
1cs and Spatial Analysis.”” in John. C Davis and
Michael } McCullagh (eds.), Display and Analysis of
Spatial Data’ New York: john Wiley and Sons, pp
231-243.

Schnell. George A. and Mark S. Monmonier. 1976, "U.S.
Population Change. 1960-1970: Simplification,
Meaning. and Mapping.” Journal of Geography, Vol.
75, pp. 280-291.

Schultz.‘Gwen M.,

-

1961, “An Expenment in Selecting

-

Value Scales for Statistical Distribution Maps.” Sur- .

veying and Mappmg, Vol. 21. pp. 224-230

Speier, Hans, 1941. **Magic Geogpphy.” Social Research,
Vol, 8. pp. 310-330.

Siamp. L. Dudley, 1964, Some Aspects of Medical Geog-
raphy. London: Oxford University Press. .

Sternglass. Ernest J., 1969. “A Reply.” Bulietin of the ,
Atomic Scientists, Vol. 25 (no. 8). pp. 29-32.

Thrower, Norman, ] W., 1972. Maps and Man Engle-

« . ,wood Cliffs.*N.].. Prentlee-Hall

Tobler, Wakdo R.. 1973, “Choropleth Maps Without Class

Intervals?" Geographical Analysls Vol. 5, pp. 262-

265.
. 1989, “Geographic Filters and their
! Inverses,” Geographical Analysis, Vol. 1, pp. 234-
253. - \

[ ‘%
., 1963, “Geographic Area and Map

Projections,” Googmphlcal Review, Vol 53, pp.
78 =

LY

5056

[}



Tobler, Waldo R.. H. W. Mielks. dnd T. R-Detwyler. 1970, ’

“Geobotanical Distance Between New Zealand and
Neighboring lshnds Bioscience, Vol. 20, pp 537-
542.

Tyner. Judith. 1973, The World of Maps and Mapping
New Yark: McGraw-Hill.

U.S. Bureau of the Census, 1973. DIME Workshops- An ,

*Interim Report. Washington, D.C.: Bureau of the
Census, Census Use Study Report, not numbered
1970, The DIME Geocoding System
Washington. D.C.: Bareau of the Cessus. Census Use
Study Report No. 4.

1969. Computer Mapping Washing-
ton. D.C.. Bureau of the Census. Census Use Study
Report No 2

[y

-

e
o

s~

r

51

sf'(. v

-
L]

Wilhams. Robert Lee, 1958, “Map Symbols Equal-Ap-
peanng Intervals for Printed Screens.”” Annals of the
Association of Amencan Geographers, "Vol. 48. pp.

132139 :

Wood. Denis. 1973, | Don't Want To, But | Will Worces-
ter, Mass.- The Clark University Cartography Labora-
tory

Wrnight. john K. 1942 “Map Makers Are Human.” Geo-

graphical Review, Vol 32, pp 527-544.

. 1936. A Method of Mapping Densi-
ties of Population.” Geographical Review. Vol. 26,
pp. 103-110 .

Young. John F, 1971, Information Theory New York:
Wiley Interscience .

) .
4




3

" b ~

Consulting Services Publications
available from

Association of Amferican Geographe’l"s - -
1710 Sixteenth St N %

. Vasmington D-€:20009
Geograph:” as a Discipline. R Huke. V Malmstrom. 1
Sources of Funds for College Geogfaphy Departments. S . Natoli.
1973
Plunning College Gesgraphy Facilities. Guidelines for Space and
Equipment {CCG Gereral Senes Publication No.12).R H Stoddard.
1973 : ¢
Community Internsh:ps for Undergraduate Geography Studen®.
K E Ccrey. A W Stuart. 1973

.

Undergraducte Pragram Development 1n Geography T Burke.

1973 '
Geography 1n the Two-Yedr Colleges (CCG General Series Publica-
tion No 10). Pan<!on Geography \n the Two-Year Colleges. 1970

at

‘e




